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The Future of Industry Under The 
National Recovery Act 


By GEO. M. VERITY, 
A Chairman, American Rolling Mill Co. 


This is the Industrial Age and Industry, misrepre 
sented and misunderstood as it so often is, represents 
the very foundation of American progress and pros- 
perity. 

Any program or policy that would tend to stifle, 
retard or in any way injure our industrial activity 
or our sound industrial progress would be so serious 
in its effect that we would have to reform our entire 
social, political and economic lives. 

\s compared to any such radical reorganization 
of our National activities our experiences during the 
past three years of depression would be like an oasis 
on the desert. 

It is therefore not at all surprising that so many 
are seriously concerned about the new situation in 
which industry finds itself under the new Recovery 
Act. 

Many are, however, wondering as to whether this 
will prove to be “emergency legislation,” or whether 
at the end of the two year period it wili have be 
come so established that it will be continued under a 
reduced or an increased government supervision. 

The fact that this particular enactment is given 
a life of only two vears really means nothing, as new 
legislation can be written into law then just as it 
has been done now. 

Public opinion will in the end determine whether 
government supervision, over any part of our busi 
ness activities, shall be continued in any form or 
not, and public opinion will be the result of the 
impressions created as we go along, as to whether 
this experiment has proven to be helpful or harmful. 

If both Business and Labor, and Government 
believe they can and should be helpful, then it 1s 
up to them to contribute that sort of co-operatior 
and efficient effort that will make it work. 

[It should be clear to ev ery one in the very be 
ginning that no satisfactory solution of our indus 
trial or commercial ills can ever he had through 
dictation, domination or coercion on the part of either 
government or of any mobilized effort that may 
come into life during the operation of the Act. 

It is beyond the vision or ability of any human 
being to foretell what will follow this partial so 
cialization of industry and a governmental super 
vision over practically al! business, as Administrator 
Johnson of the Recovery Act predicts. It is so 
radically new and so far beyond all of our past con 
ceptions that it represents a revolutionary experi- 
ment. 

I feel, however, that we can assume that we will 
never go back to the old order of things; that we 
will find that this is simply the first chapter of a 


new book and that no one can as yet foretell the 
trend of the chapters or acts that are to follow. 

\We have had abundant proof that our industrial 
and commercial enterprises, working under free and 
destructive competitive conditions cannot. satisfac 
torily control their activities, either in their own 
preservation or in the best interests of the nation. 

Some sort of a control factor, not available in 
the past, would therefore seem to be an_ inevitable 
part of our future planning. 

\We must remember that the drastic new legisla 
tion recently enacted, taken as a whole, was not the 
result of our depression experiences alone; it was 
rather the direct result of all the factors which con 
tributed to the depression; it was, in other words, 
just a natural result of the general drift of things, 
social, economic and political, during the past fifty 
years. 

If that be true, the “present emergency” is not 
entirely responsible for the Recovery Act; it is rather 
the result of many deep-seated maladjustments that 
cannot be cured in a short two year period. 

Over and above all of this, any gains made to 
ward more stable, more prosperous, and happier con 
ditions will be the result of management and men, 
the consumer and the public-at-large working to 
gether whole-heartedly in a true spirit of co-oper 
ation in the interest of all, in an effort to garnet 
every possible gain, large or small, that can be made. 

The most important single factor is the relation 
that will exist between those who must do_ the 
Nation’s work—that is among men and management. 

Kvery gain of the past thirty years in industrial 
relations and in working conditions, every satis 
factory condition now existing must be preserved 
and improved upon if possible. If the best interests 
of all are to be served there should be a “morato 
rium” on every new effort that will disturb existing 
satisfactory relations, that will create discord, con 
tention, disagreement, or that will develop a retard 
ing influence of any kind, as no such gigantic task 
as has now been assigned to Government and Busi 
ness can possibly succeed through other than united 
effort. 

Where organized groups exist and are working 
satisfactorily they should be continued by govern 
ment decree; likewise where happy relations have 
been created between men and management ove1 
long periods of time, they should have their status 
maintained through government direction under the 
protective Codes which must now be prepared and 
adopted. 

Minimum wages and maximum hours of work 
are now to be agreed upon between each industrial 

(Continued on page 196) 
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Applied To 


By JOHN L. YOUNG, 
Aa Timken Roller Bearing Co., 
Pittsburgh, Pa. 


Maintenance has always been an important sub- 
ject to every mill, since the cost of maintenance 1s 
reflected in the cost per ton of product rolled, It 
is therefore quite natural that with the constantly 
increasing use of anti-frict-on bearings in mills, that 
the operating men shou!d seek information on the 
equipment necessary to maintain anti-friction bear- 
ings as used on roll necks. 

To make this discussion easier to follow, let us 
for a moment diverge to a review of the three de- 
signs of tapered roller bearings commonly used on 
roll necks. Figure 1 shows a_ standard two-row 
bearing consisting of a unit inner race or cone with 
two nests of rolls assembled as integral parts with 
this race, two outer races or cups, and a cup spacer 
which is supplied with the bearing to make up a 
completely adjusted bearing. The parts are all 
properly marked and should always be assembled 
in accordance with the markings. 

Figure 2 shows a unit two-row adjustable-non- 
tdjustable bearing now used successfully in a num- 
ber of mills. In this design we have again a unit 
inner race or cone, two single outer races or cups 
and a cup spacer. In this case however, the bear- 





FIG. | 


ing is supplied as an integral unit which does not 
require further assembly of parts by the user. 

Figure 3 shows the conventional four-row_ bear- 
ing extensively used in various rolling mills. This 
bearing consists of two inner races or cones, one 
double and two single outer races or cups, one cone 
spacer and two cup spacers. A number of these 
four-row bearings have been used without spacers. 
Hlowever, where a completely pre-adjusted unit is 
desired, spacers are used. In this case also the 
parts are properly marked and should be assembled 
in sequence according to the markings. 

The basic principle of design of our tapered roll- 
er bearing allows adjustment. This feature also per- 
mits re-adjustment of the bearings after wear has 
occurred or may be used for the proper setting of 
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Equipment and Methods Necessary To 
Maintain Anti-Friction Bearings 


Roll Necks 


the bearing clearance for the desired rolling condi- 
tion. Bearings used on hot mills are set with differ- 
ent radial clearances than those used on cold mills 





FIG. 2 


and that this adjustment can be maintained for long 
periods has been definitely proven in practice. The 
average radial running clearance of these bearings 
on hot strip mills is a little under .001”. 

Figure 2 illustrates the mounting of the two-row 
adjustable-non-adjustable type of bearing. The same 
mounting is used for the other type of two-row 
bearing. To simplify handling and to speed up rol! 
changes the bearing is mounted with a loose fit on 
the roll neck and clamped against the fillet and in- 
board closure ring. In this case the closures are of 
the piston ring type and as an additional precaution 
the face of the roll is grooved to permit a 180° ex- 
tension of the chock to work in the groove and act 
as a water flinger. It will be noted that the inner 
and outer closure rings are designed with a_pro- 
jecting annular ring on the face adjacent to the in- 
ner race. These annular projections are larger in di- 
ameter than the adjacent bores in the chock and in 
the end cap. In this way there is a positive guaran- 
tee that when the clamping nut is taken off the roll 
and the chock is removed from the neck, the bear- 
ing and chock remain as a unified sealed assembly. 
Lubricant to the bearings is admitted between the 
two cups as shown. The entry in the case of grease 
lubricated bearings, should always be located at the 
bottom. <A _ suitable vent should be provided near 
the top of the chock. The vent is not shown here 
but will be discussed later. 

Figure 3 shows the mounting of the four-row 
type of bearing. Here again the bearing is mount- 
ed with a loose fit on the neck and properly clamped 
into place. The same principle of obtaining a unit 
sealed assembly is employed. The closures used are 
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of the clock spring type which will be discussed 
later. Here again a 180° water guard is used. The 
lubricant is admitted at the bottom of the chock. It 
is very important that two separate inlets be pro- 


vided to allow the lubricant to enter the bearing 


through the holes provided in the cup spacers. A 
single vent hole is provided near the top of the 
chock. 

The details of the clock spring closure mentioned 
above as well as the relative locations of the lubrica- 
tion holes and air vents are clearly shown in Figure 
1. The closure consists of a strip of metallic faced 
packing properly spliced at the ends with a flexible 
joint. This packing rides on the outside diameter 
of the inner and outer filler rings. Around this 
packing is used a thin steel band, the two ends of 
which are drilled with a small hole to permit a con- 
nection with a specially designed threaded adjust- 
ing bolt which fits into a collar. This collar is 
round in the body but upset at the bottom to keep 
it from turning when inserted between the closure 
plates. By tightening the two nuts on the adjust- 
ing bolt, the required fit of the packing on the filler 
ring is obtained. To protect the adjusting nuts it 1s 
recommended that threaded pipe caps be added to 
the end plates. It will be noted that the grease 
fitting is located at the bottom of the chock and 
leads to the opening between the two cups. The 
air vent consists of a plug located near the top of 
box. This plug is drilled two ways and the outlet 
is pointed down. 


In addition to the clock spring and piston ring 
closures, rawhide closures have also been used suc- 
cessfully on smal! mill bearings. It is advisable to 
use these closures in pairs with one pointing in and 
the other pointing out. 





FIG. 3 


Bakelite, Micarta, or composition rings are com- 
ing into prominent use where oil lubrication is used 
and with grease lubrication where water conditions 
are bad. ‘These rings are usually located in a groove 
in the chock or end cap and rub against the polish- 
ed face of the roll. Springs are used in back of the 
rings to assure a constant pressure on the face of 
the ring. In using these rings care must be taken 
of the clearances since it has been found that the 
composition rings swell in service. 

Most of the mills have been keeping an accurate 
record of the tonnage rolled on each set of roll neck 
bearings. Others have not kept these records and 
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eventually found themselves in the position of hav 
ing to purchase replacement bearings without having 
an accurate record of what their cost per ton has 
been on the worn out bearings. By keeping an ac 
curate record, proper charges for depreciation can 
be made and a fund established for the purchase of 
additional bearings. 


TABLE 1 


Record of Timken Bearings in Steel Mill: Tonnage 
and Operating Hours to Jan. Ist, 1933. 


28” Mill—July Ist to Dec. 31st, 1932. 


Chock No. Tons Hours 
28-1 93.716 2 965 
28-2 31,114 1,166 
28-3 114,352 3,547 
28-4 132,118 L,068 
28-5 81,450 2.578 
28-6 147,741 L518 
28-7 113,938 3,446 
28-8 180,509 137s 
28-9 175,073 5.860 
28-10 162,622 5.094 
28-11 213,299 6,466 
28-12 120.851 3,812 
28-13 10,366 1,425 
28-14 64,020 2.137 
28-15 64,481 2.153 
28-16 83,259 2.508 
28-17 10,045 1,326 


Table 1 shows an abstract from the Timken 
Steel & Tube Co. on the performance of the bear 
ings in their 28” mill. It shows the tonnage rolled 
on each bearing and the number of hours each bear 
ing has been in actual operation service. The list 
is complete to date, Jan. Ist, 1933. 

It will be noted that each bearing chock carries 
a number. Each bearing and each roll is also prop 


erly numbered. When the roll shop assembles a 
bearing in a chock and a chock on a rol! a record 1s 
made of the combination. The recorder on the mill 


when turning his records in after each shift shows on 
his sheet the serial number of chock and roll used in 
each mill. This information is taken daily from these 
reports and properly tabulated so that at a glance 
we can tell the number of tons rolled on each bear- 
ing and the number of hours the bearing has been 
in the mill. Many times the question has been 
asked as to just how mill bearings should be and 
how one knows when a bearing is properly lubri 
cated. With the exception of only a few cases, all 
of our roll neck bearings have been grease lubri 
cated. Originally we recommended that the bearing 
boxes be filled full for slow operating bearings and 
one-half to one-third full for higher operating speeds. 
Since then we have found that it is best to fill all 
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roll neck bearing chocks full until the grease begins 
to come out of the vent hole. This seems necessary 
for it has been found that with the boxes only halt 
full there is a churning of the grease which in- 
creases the operating temperature. With the boxes 
full, the grease leaks out at the vent hole and clo- 
sures until the bearings have properly channelled 
the grease. All churning is eliminated and the bear- 
ings run much cooler. During one of the recent 
meetings of this association the question was raised 
of the use of temperature indicating instruments in 
connection with anti-friction bearings in steel mills. 
The moving picture you have just seen showed a 
group of these instruments used to record tempera- 
tures of the back-up roll bearings of the Inland Hot 
Strip Mill. 

here are three installations of instruments oi 
this type in the Chicago district. So far these in- 
struments have been manufactured and installed by 
two well-known companies. In all three cases the 
instruments used are of the recording type and there 
is one recorder for each mill stand. One type of in- 
strument records by number. The other instrument 
records by color. In other words, there are four 
back-up roll bearings on each stand and in the case 
of the one first mentioned, each bearing is numbered 
from 1 to 4. The second system allows this use of 
| different colors. 

In each case the recording is done automatically 
at pre-determined time intervals. These are, I be- 
lieve, every 30 seconds. 

Out of these three installations one of the instru- 
ments is equipped with a signal light, but all others 
are straight recorders without signal lights. Both 
tvpes of recorders can be equipped with either a 
signal in the form of a light or a bell, but the ob- 
jection to this tell-tale warning 1s that the operator 
will wait for the warning and will not watch the 
recorder and also might even forget to turn the in- 
strument on when the mill is started. 

In each case there is a thermo-couple or a pipe 
type iron constantan couple arranged in the bearing 
chock so that the unit comes in contact with the 
outer race of the roller bearing. 

The charts of these recorders are good for one 
month of constant operation and they allow a varia- 
tion in temperature of from zero to 350°F, 

Our company has not deemed it necessary to 
recommend such a system but large roll neck bear- 
ings run into costs of several thousand dollars each 
and the loss of one of these large bearings would 
he more expensive than the original installation of 
the complete recording system for the entire mill, 
so that the value or cost of such a system may be 
justified purely from a standpoint of insurance. If 
the operator wants to add that extra ounce of pre- 
caution, 

A number of mills have installed automatic grease 
lubrication systems for their anti-friction roll neck 
bearings. Some of these automatic lubricators have 
been connected and adjusted to deliver a definite 
quantity of grease at pre-determined intervals. If 
the closures on all bearings were equally tight and 
the speeds of the mills exactly the same, this quan- 
tity and time element could easily be controlled, but 
it seems that a manual control coupled to a pressure 
system is more logical for bearings of this sort. 

In first installing the bearing chocks in the mill 
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we recommend that they be filled until the grease 
comes out of the vent plug and especially in hot 
strip mills this condition should be checked period- 
ically to be certain the chock is full of grease in or- 
der to check the entrance of any water or foreign 
material through the closures. The manual contro! 
will allow the operator to give the bearing the re- 
quired amount to fill the chock properly and this, of 
course, can be determined by the sputtering of the 
grease and air from the vent plug. The Inland Hot 
Mill Back-up Roll bearings require 55-60 pounds in 
each chock to fill them. The work rolls require 12 
pounds. 

The question has been asked as to whether it is 
necessary to inspect the bearings periodically and 
just how this should be done. We strongly recom- 
mend that these inspections be made_ periodically, 
The periods of inspection depend entirely upon the 
size of the bearings in the mill and the work done 
on the mill. In one particular 4-high hot strip mill, 
14 bearings were installed in January 1929 and were 
operated until the middle of 1932 having rolled over 
100,000 gross tons before an inspection was made. 
All of the bearings inspected were found in perfect 
condition. In another case of a 4-high cold strip 
mill, the bearings were heavily loaded and ran con- 
tinuously without inspection until bearing failures 
occurred, At that time the bearings were found in 
bad condition. Had these bearings been inspected 
periodically each could have been averted by elimi- 
nation of the cause or if necessary by proper repair 
of any failed parts as each case warranted. Operat- 
ing conditions are obviously the controlling factors 
and should establish the frequency of the periodic 
inspection. The service men of our company are 
available to give definite advice on this point. 

Spare bearings should be carried for all mills 
but the quantity will depend upon the type of mill! 
and the conditions. A greater portion of these spares 
are normally mounted in the chocks, properly 
greased, and ready for service. Those not in chocks 
should be covered with a light grease and stored in 
wooden lockers with hinged lids so that they can 
easily be lifted out with a crane. 

It is advisable to assign the maintenance of the 
bearings to one department, preferably to the man 
in charge of the roll shop where a central roll shop 
is available. When a bearing and chock assembly 
is removed from the roll neck for bearing inspection 
it is advisable to first place the entire chock in a 
shallow pan where the cover plate is removed and 
a large part of the grease is taken from the bearing 
by scraping. 

As each part of the bearing or the entire bear- 
ing is removed from the chock, such parts are car- 
ried by a crane to a cylindrical tank of sufficient 
size in which there is a solution of washing com- 
pound agitated by live steam. As soon as the bear- 
ing is removed from this bath it should be wiped 
and greased to prevent rusting and reassembled in 
the chock or placed in a locker. 

Several suitable solutions for washing roll neck 
bearings when they are inspected are as follows— 

1. A hot water solution of tri-sodium phosphate 
using three to four ounces of the chemical to one 
gallon of water. 

2. A product sold under the trade name of “Met- 
This is slightly higher in price than tri-sodium 
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phosphate but it is only necessary to use from one 
to one and a half ounces per gallon of hot water. 


3. “Oakite” has also been used successfully. 


!. In cases where the above solutions do not 
clean the bearings properly, which will happen only 
where the bearings are exceptionally dirty, an ounce 
of caustic soda (iye) may be added to each gallon 
of water. 

Another question raised is the time necessary to 
change bearings from one neck to another. You 
have just seen the moving picture of the change of 
work roll bearings from neck to neck and the change 
of the back-up roll bearings at Inland Steel and can 
get an idea of the simplicity of the act. I should 
say that the average time necessary to change a 
work-roll bearing is from 6 to 8 minutes and for 
these large back-up roll bearings from & to 15 min- 
utes by a trained crew. 

When changing bearings on rod mill rolls where 
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the bearings are tight on the necks there is a greater 
delay due to the fact that the bearings must be 
pulled off the necks. This condition of tight bear- 
ings exists only on the high speed stands, but here 
again a trained crew with the necessary equipment 
can change bearings in a relatively short time. 

It is only a few years ago that the mill operators 
were wondering how far anti-friction bearings would 
progress in the steel industry and whether or not 
they would be justifiable and on what type of mills 
or other applications would they be practicable. It 
seems logical to assume even at this early date that 
the roller bearings have solved not all but a goodly 
portion of the roll neck bearing problems and with 
the knowledge we now have from actual experience 
and with the rapidly increased understanding of the 
mill men of the methods of handling and maintain 
ing anti-friction bearings, the roller bearing has 
found a place for itself and it shall continue in its 
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place. 


Equipment and Methods Used To Protect Anti- 
Friction Bearings From Scale, Water, Mill 
Dust and Heat In Connection With Roll 
Tables, Ingot Cars, Mixers, Hot 


Metal Cars 


By S. R. COX, JR., 
A Hyatt Roller Bearing Company, 
Pittsburgh, Pa. 


In the application of anti-friction bearings to va- 
rious types of steel mill equipment, it is absolutely 
necessary that the intrusion of scale, water, dust, 
and other foreign matter be prevented. The deter- 
ioration of plain bearings is generally caused by 
abrasive action of foreign matter and consequent 
rapid wear of the bearing element and journals. With 
ordinary bearings, it is more difficult to properly 
enclose the bearing housing than is the case with 
anti-friction bearings. 

In all anti-friction bearings, the rolling elements 
are hardened steel and being protected from foreign 
matter, do not wear, as is the case with plain bear- 
ings. Hence, the bearing housings can be made with 
close clearances around the shaft, and in very dusty 
applications, or where water is present, special types 
of seals can be used. 

Felt seals in steel mill applications, have shown 
a tendency to collect dirt where it comes in con- 
tact with the shaft and, instead of acting as a seal, 
has a tendency to cut the shaft. 

Our experience, extending over a number of 
years in the steel mill industry, indicates that main- 
taining a close clearance of the bearing housing 
around the shaft, when utilizing the common method 
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of grease groove seal, prevents deterioration of the 


bearings. 




















Section through typical Hyatt bearing equipped mill table 


FIG. | 


Bearings applied to the pallet wheels on a 
Dwight-Lloyd sintering machine, have been in suc- 
cessful operation for a number of years. This is a 
very difficult place due to flue dust, and the average 
life of anti-friction bearings in these machines, has 
been three years. They were lubricated once a week. 
The fact that anti-friction bearings prevent skidding 
of the wheels also reduces wheel replacements to a 
minimum. 

A number of blast furnaces have been equipped 
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with our bearings, including bull wheels, large and 
small bell levers, bell lever sheaves, skip cars, and 
skip hoists. Some of the bull wheel applications 
have been in operation for the past ten years. The 
lubrication periods are from three to six months. 

Ore transfer cars, blast furnace larry cars, cinder 
ladle cars, and iron ladle cars have given years of 
successful operation on our bearings. A large ma- 
jority of the ingot and charging cars in the steel 
industry operate on our bearings. Some of these 
cars have been in operation for the past fifteen years. 
lubrication periods vary from three months to one 
year, depending on conditions. 

The journal boxes on most of the cars previously 
mentioned, are of the outside box type and are en- 
tirely enclosed on the outside, protecting the bear- 
ings from dirt and hot metal spillage. The wheel 
side uses a grease groove seal. A large number of 
eight-wheel, double truck ingot cars, using inside 
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Hyatt Bearing boxes, are in successful operation in 
a number of plants. 

On high speed applications, such as hot and cold 
saws, where thin oil is used as a lubricant, extra 
precautions to exclude foreign matter must be tak- 
en. A labyrinth seal is recommended to retain the 
oil and exclude foreign matter. On other saw arbors, 
where a different type of lubricant is used, an in- 
crease in the number of grease grooves in the end 
plate has effectively sealed the bearings. 

Soaking pit covers are subject to considerable 
heat and dirt. Due to the intense heat, our bear- 
ings operate without lubrication and use a simple 
plate seal. The fact that some of these installations 
have operated for fifteen years proves the effective- 
ness of this installation. 

On some mill table installations, Figure 1, the 
bearing housings are subjected to considerable heat 
and dirt, also water and scale. The openings to the 
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bearing housings are protected by a shroud to de- 
flect the water and scale, and a grease groove seal 
is used to retain lubricant and exclude foreign mat- 
ter. This particular installation has been in service 
since 1918 on a 28” Structural Mill where over 1500 
bearings are installed and labor conditions for main- 
tenance are very poor. ‘The total bearing replace- 
ments throughout this mill have not exceeded 5% 
of the original installation. 

Figure 2 shows a section through the main ma- 
nipulator tabie of a 44” Blooming Mill. This mill 
has rolled ingots weighing 73000 Ibs. and has oper- 
ated for the past two years without a bearing fail- 
ure. ‘he feed rollers and all table rollers, lineshaft, 
and drives on this mill operate on anti-friction bear- 
ings. Operating results on this blooming mill table, 
indicate that the shrouded housing with close clear- 
ance and grease grooves, has effectively sealed the 
bearings against roll scale. 

A 34” Blooming Mill in another steel plant has 
operated successfully for the past eight years, with 
our bearings in the main tables. 70% of the bear- 
ings originally installed are still in operation. 

Other blooming mill main table installations in- 
clude two 40”, one 44”, one 35”, and new tables on 
an old 38”. 

When it is considered that the average life of 
brasses on the necks of the main manipulator table 
rollers is approximately two months, the application 
of roller bearings on these tables will show a con- 
siderable saving in maintenance and delays will be 
reduced to a minimum. 

The majority of the ladle cranes built during the 
past five years have been completely equipped with 
anti-friction bearings. The use of anti-friction bear- 
ings in the bridge track wheels prevents swinging 
of the ladle and allows very accurate spotting of the 
ladle over the ingot mould when teeming. 

Figure 3 shows an anti-friction bearing mount- 
ing for a bridge track wheel. This design shows a 
leather seal and is designed to use 600 W = or its 
equivalent. The filler pipe shown on the drawing 
can be used to maintain the oil level at the proper 
place, thus preventing the use of too much lubricant 
and the spillage attending same. 

The leather seal should give a drip proof mount 
ing and is especially valuable where the spillage of 
lubricant would ruin the product being handled. 

On other installations, in the hands of a careful 
operator, the grease groove kas proven effective as 
long as too much grease is not used. 

This design also shows a_ tapered tread _ track 
wheel. Our experience has proven the value of this 
tapered tread wheel, and we recommend a minimum 
of 14%” clearance in the tread over the rail head. 
2” clearance or more, depending on runway condi 
tions, is desired where possible. This track wheel, 
where the tread is wide enough so that it does not 
rub on the side of the rail, not only eliminates thrust 
caused by a tight wheel trying to move the runway, 
but increases wheel and rail life and decreases power 
consumption. 

Ladle cranes and other cranes in hot places are 
generally lubricated once a month, other cranes from 
three to six months, depending on conditions. 

The ordinary type of grease groove seal which 
we have indicated on most of these applications, has 
proven its effectiveness in our application of bear- 
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ings to steel mill equipment. There are many in- 
stances where additional seals are required, and it is 
only by taking each application into consideration 
that a definite recommendation for effectively seal 
ing the bearings, can be decided upon. 


Equipment and Methods 
Used To Protect 
Anti-Friction Bearings 
From Scale, Water, 


Mill Dust and Heat 

In Connection With 
Roll Tables, Ingot 
Cars, Mixers, Hot Metal 
Cars and Cranes 


By V. A. MENAGLIA, 


A SKF Industries, Inc., Pittsburgh, Pa. 


The subject assigned to our company for discus- 
sion was the equipment and methods used to pro 
tect anti-friction bearings from scale, water, mill 
dust and heat in connection with roll tables, ingot 
cars, mixers and hot metal ladle cars. 

The main considerations given to anti-friction 
bearings for application to the equipment under dis- 
cussion is similar to practically all types of steel 
mill equipment employing ball and roller bearings. 
In general, it can be stated that these considera 
tions are covered under three main headings. 


Ist Selection of the proper bearing for the 
particular application under consideration. 
2nd — The design of a proper housing for seal 


ing the bearing. 

3rd Lubrication. 

Taking up the first heading, namely, the proper 
selection of bearings, the following general state 
ments will apply without any great deviation. 

When the strength of machine parts are calcu 
lated, the maximum load is generally taken as the 
basis. The dimensions are so fixed that the stress 
es produced by the maximum load do not exceed 
certain limits determined by experience, and it is 
assumed that the parts will last for a practically un 
limited time. 

With ball or roller bearings, however, the con 


ditions are different. ball and roller bearings are 
rotating machine elements with a fatigue curve that, 
practically speaking, has no fatigue limit. As a rule, 
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however, they can be given dimensions that would 
enable them to last an unlimited time. Such dimen- 
sions would make the bearings too expensive. The 
calculations must, therefore, be based on a degree 
of durability suited to each particular case. Such 
durability, however, is not inversely proportional 
to the load, but is a cubic function of the load. 
Consequently, for applications where the magnitude 
and duration of the load are variable, the result is 
largely influenced by these variations and the max- 
imum load can be taken as a basis for the calcu- 
lation. In order, therefore, to enable a correct choice 
of bearing sizes to be made, it is necessary to take 
into consideration all the loads occurring and to fix 
an average. 

To be able to give correct dimensions to the 
parts of material equipment, it accordingly suffices 
to know the maximum load, but when the parts 
concerned are roller bearings, it is necessary, also, 
to know how the load varies, or in other words, 
what the magnitude and duration of these loads 
are, 





FIG. |.—Illustration showing the date of inspection being lettered 
right on the car truck. 


Bearing in mind the foregoing considerations, it 
will be appreciated why we bearing representatives 
desire this essential information. We are all willing 
lo assist designers, through the facilities of our En- 
gineering Departments, to make the proper selec- 
tion. From our past experience on the life of bear- 
ings, based on their fatigue failures an accurate de- 
termination of the bearing life which is to be achiev- 
ed, can be definitely determined. This is a_ vital 


point, since the proper economic design of any equip- 
ment should be based on the desired life under 
definite operating conditions. 

Even with the above considerations carefully ad- 
hered to, it is not reasonable to expect the same 
uniform life from all bearings, since premature fail- 
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ures will always occur, due to the human elements 
in workmanship, housing design and lubrication. 





FIG. 2.—200 Ton crane completely equipped with spherical and 
cylindrical roller bearings at all working points. 


Taking up the second heading of housing design, 
we can generally state that it is one of the mosi 
important factors, assuming that the bearing manu 
facturer has selected and furnished the proper bear- 
ing. It is through the means of a proper housing 
design that effective methods can be taken to ex 
clude the mill scale, dust, water etc. from the bear- 
ings in the equipment under discussion. 

In the past, insufficient attention was given to 
this important item and, as a result, premature fail 
ures with their attendant shut downs could always 
be traced to faulty housing design. In many cases 
the only seals employed were of felt, which experi 
ence has shown to be entirely unsuitable for ex- 
treme conditions, such as we encounter in steel mill 
practice. It has been our experience that for this 
type of equipment suitable labyrinth seals and fling- 
ers are imperative. 

By employing the labyrinth seals we remove the 
necessity of re-newing the worn out parts, such as 
felt seals, and the tortuous passage provided will 





FIG. 3—Coke transfer car trucks equipped with SKF bearings. 


exclude the entrance of all foreign matter. <A _ ro- 
tating labyrinth finger will also materially assist in 
throwing off excess water and, therefore, keep it 
from entering the bearing with attendant corrosion. 

In the slides, which we wil! show later on, it will 
be our endeavor to show the evolution from the 
simple seals not suitable for steel mill equipment 
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on up through the better design of housings and 
seals, which is now generally accepted tor such con- 
ditions which is encountered in the equipment un- 
der consideration. 

With some of the more specific considerations, 


such as extreme heat conditions, it has been our 


experience that this can be taken care of by one ol 
several methods. Generally, we can state that all 
bearing manufacturers desire to keep the bearing 
temperature below 300°F. This is due to the fact 
that, if a temperature much in excess of this is en- 
countered, we reach the drawing temperature of the 
bearing steel. If this transpired, the difficulties, 
which will be encountered, are obvious, since the 
bearing will not have the proper hardness for carry- 
ing the loads involved. In order to keep down ex- 
treme temperature rises, it can be done by cooling 
the housing by circulating coid water through suit- 
able passage ways in the main housing casting. The 
temperature can also be kept down by using a cir- 
culating oil system, which in turn is properly cooled 
before again circulating through the bearing. 

The last, but not the least, important division of 
this problem, is the proper lubrication of the bear 
ings. This, of course, is a more or less dangerous 
subject to cover within the limits of the time allotted 
to us. As a matter of fact it has been the subject 
of considerable discussion at the various meetings 
of this Association, and to date no agreed general 
conclusions have yet been brought forth. 

Naturally, every industry thinks that its own 
problems of operation are the severest and under 
the most disadvantageous circumstances. We can 
assure you, however, that with respect to lubrica- 
tion all industries are subject to practically the same 
problems. We all hope that in the very near fu- 
ture a mutual understanding will be effected be- 
tween bearing manufacturers, the oil companies 
and the operating men with respect to certain basic 
principles regarding the lubrication of anti-friction 
bearings. 

It is only fair to state that the attitude of some 
of the better oil companies, regarding this problem, 
are much appreciated by all of us, since they are 
endeavoring to clear up some of the blather previ- 
ously peddled out regarding lubricants. It is our 
recommendation that a proper lubricant is to be se 
lected upon the advice of the bearing representatives 
and the representatives of the more progressive oil 
companies. In the past, many of our difficulties 
were due to the fact that this problem of lubrica- 
tion was left too much in the hands of Purchasing 
\gents. In other words, the lubricants were bought 
on a price basis, rather than with the understand- 
ing of their specifications and the conditions of op 
erations which confronted the plant personnel. 

The question as to whether oil or grease should 
be utilized is one not easily settled. Generally, it 
can be stated that for steel mill equipment grease 
lubrication would be »referabie, necause of its seal- 


ing qualities. It has been our experience that if 
proper greases are selected, the lubrication sched- 
ules can be materially improved. As an example, 


of what has been accomplished along this line, we 
refer to you the experience the railroads are obtain- 
ing with traction motors. It must be admitted that 
railway motors are in many cases operated under 
dirty conditions comparable to those encountered 
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in steel mill practice. In the past they had approxi 
mately 65 to 80% plain bearing replacements per 
vear. Some of the newer equipment placed in ser 


vice on the Pennsylvania Railroad and New York, 
New Haven and Hartford have, due to proper hous 
ing design and proper lubrication, operated over 
100,000) miles without the addition of any extra 
grease. This mileage is assumed to be approxi 
mately a year of service. 

It is our recommendation that instead of adding 
additional grease from time to time, the bearing 
housing be completely flushed out and clean new 
grease of the proper quality and quantity be added 
to the bearing housing. This is the practice follow 
ed by the railroads and which we would like to see 
emploved in stee! mill practice. 


Equipment and Methods 
Used To Protect 
Anti-Friction Bearings 
From Mill Dust and 
Heat In Connection 


With Ladle Cranes, 


Chargers and 
Soaking Pit Cranes 


By E. C. GAINSBORG, 
A Roller Bearing Company of America, 
Trenton, N. J. 


From the title of the subject up for discussion, 
it might be interpreted that it is limited to the de- 
sign of Anti-friction Bearing Housing Enclosures 
best suited for use on Chargers, Ladle and Soak 
ing Pit Cranes. Frém the standpoint of recognized 
Standard Anti-Friction Engineering Principles, it be- 
comes necessary to set our starting point somewhat 
further back than the enclosure design. 

For convenience, let us assume that fifty Anti 
Friction Bearings of the same manufacture and size 
be installed in housings of like design, subjected to 
a load of the same intensity and operated at a cor 
responding R. P. M. also the lubricant and method 
of lubrication be maintained as uniformly as it is 
possible to do SO. : 

If these fifty units are run continuously, day and 
night, until all the bearings show signs of fatigue 
of material, we would find that the majority of 
them had failed within a rather close period of time 
of each other; in other words, it can be stated that 
we have determined the average life value of these 
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bearings, measured in number of revolutions under 
a definite set of conditions. 

let us assume that we take fifty other bearings 
of a different size and design and if these be oper- 
ated at the same load and speed as in the first case, 
in housings of a design different than used hereto- 
fore and that the lubricant and method of lubrica- 
tion be modified, it can be expected that we wil! 
obtain an average life value which should be either 
longer or shorter than that established in case one. 

This preamble leads to the statement that the 
usefulness or anticipated life of any Anti-Friction 
Bearing for any installation does not depend alone 
on the housing enclosure used, but must be con- 
sidered jointly with two other factors, all three of 
which are basic. These factors are briefly stated as 
follows: 

Ist. Proper bearing selection as to type and size 
to (best satisfy the prevailing conditions of load and 
speed. 

2nd. Proper housing design to best satisfy the 
prevailing operating conditions to which the bearing 
shall be subjected. 

3rd. Proper selection of lubricant and provision 
for its effective introduction. 

Yo simplify our discussion, let us assume that, 
for a Charger, Ladle or Soaking Pit Crane applica- 
tion, the correct bearing as to type and size has 
been selected. What further consideration must be 
given so that we can receive the most from the bear- 
ings on the installation in question? 

Our problem resolves itself in the necessity of 
properly satisfying the following design, operating 
and service conditions: 

\. Introduction of lubricant, involves locations 
which are not readily accessible. 

Bb. ‘The housing and bearing shall be subjected 
to high degrees of temperature. 

(. Provision for simplicity if bearings have to be 
replaced at some future date. 

I). Enclosures which shall serve to retain the 
lubricant within the housing. 

FE. Enclosures which shall serve to prevent the 
entry of dust, dirt or foreign matter from without 


into the bearing housing. 


Discussion: 

A. Before giving any consideration as to the 
method of introducing the lubricant, it must be de- 
cided whether Grease or Oil should be used. While 
there is a general tendency to select grease, because 
it is believed that it can be better retained within 
the housing, the fact of the matter is that preference 
should be given to oil because it is possible to ob- 
tain a good grade of cylinder oil which is not com- 
pounded and consequently free from the fillers which 
are used in grease. 

The lubricant, when used with an anti-friction 
bearing, is supposed to serve the purpose of coating 
a film of lubricant between the rubbing surfaces and 
that condition is not generally accomplished if 
grease be used. 

If the grease is of a high consistency and holds 
its shape and form. the bearing will work out a 
channel or pathway thence no grease gets into and 
between the rubbing surfaces and consequently the 
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lubricant ceases to function in the capacity for which 
it was selected. 

If the grease is of a low consistency, due to sur- 
rounding temperature, it will have a tendency to 
How freely and will resemble, in its flow, a cylinder 
oil but, on account of the fillers contained, wiil not 
be as efficient as a recognized good grade cylinder 
oil. 

Conclusion on this may be drawn in favor ol 
the use of oil in preference to grease. 

bb. We have stated that the lubricant serves to 
reduce the friction between the rubbing surfaces; on 
installations where high temperatures prevail, the 
lubricant should serve a second purpose and that is 
to aid in dissipating the heat away from the bearing 
and, to accomplish that end, it is necessary that the 
bearing chamber provide ample room for a substan- 
tial supply of oil—assuming that oil is used—and 
due to the circulation of the oil in the bearing hous- 
ing, caused by the rotating of the bearing, if the oil 
chamber is ample, it will have the’ effect of reduc- 
ing the bearing temperature. 

Because a high grade bearing is expensive in 
comparison to the quantity of lubricant used, the 


answer is evident. Provide ample space in_ the 
bearing housing design. 
C. On installations that are not readily accessi- 


ble, a split type housing should always be used and, 
of course, it is desirable if the split is 180° apart 
and on a horizontal plane. 

A split housing can be made so that it shall be 
absolutely oilproof on the surfaces where they join 
each other and further it can be so designed that 
strength will not be sacrificed. 

The use of a split housing enables changing the 
bearings without having to remove the base of the 
housing, but only the caps, whereas the solid hous- 
ing makes it necessary to remove the entire housing 
unit. 

D. Many methods have been employed to retain 
the lubricant within the housing and as a substitute 
to accomplish that objective, grease has been often 
selected as a solution to the problem. 

Seals which involve the use of felt, leather, cork 
or similar compositions have: never proven satisfac- 
tory. 

Assume that we start out with one of these com- 
positions as a seal and when the unit warms up the 
diameters expand and added heat is introduced due 
to the rubbing of the seal on the shaft and event- 
ually that results in charring and, at a subsequent 
date, the clearance between the seal and the shaft 
is increased and will permit the lubricant to seep 
out. 

Long experience in Anti-Friction Bearing Engi- 
neering satisfies the statement that for a seal to be 
effective, you must resort to some mechanical de- 
sign which rotates with the shaft and _ preferably 
it should be external and not internal. 

A design which is in common use, but whose 
popularity is not extended because of its cost, con- 
sists of recessing a circular groove on the face of 
the end cover of the bearing housing. To the shaft 
is fastened, by means of set screws, a flinger which 
resembles a wheel hub with a flat flange on one 
end and on the face of this flange there is provided 
a lip which fits into the groove of the bearing hous- 
ing recess. The flinger rotates with the shaft. 
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The inner section of the bearing housing is pro- 
vided with a series of two or three oil grooves and 
the running clearance is maintained between the 
housing and the shaft. 

The lubricant from within the housing has a 
tendency to flow along the shaft and dam up the 
oil holes, in its further path of travel it seeps be- 
tween the face of the flinger and the face of the bear- 
ing housing and, due to centrifugal force, is pushed 


IRON AND STEEL ENGINEER 





out, but gets no further than the lip on the flinger 
face and consequently there is no seepage. This 
design of enclosure is quite generally identified as 
a labyrinth type. 

EK. The flinger rotating on the shaft has the fur 
ther effect of throwing off any dust, dirt or foreign 
matter which falls upon it and thereby prevents the 
entry ot foreign substances into the bearing housing. 


Economies Effected By The Use of Anti-Friction 
Bearings In Connection With Mill Type 
And General Purpose Motors 


By T. BARISH, 


A Marlin-Rockwell Corp., Jamestown, N. Y. 


The ball bearing industry has grown up with 
the thought that bearings must be manufactured 
without any internal looseness. At one time, the 
absence of any looseness whatsoever was considered 
an indication of quality. 

Even today, when this practice has been greatly 
modified, ball bearings rarely have more than .001” 
total radial looseness. The average is about .0002”, 
and it is not long ago that new bearings were re- 
turned to our factory as used or “worn out” because 
they had a slight perceptible shake. 

In contrast with this practice the straight roller 
bearing has always been made with greater internal 
looseness. The average looseness is about .002” or 
approximately ten times the average ball bearing 
looseness. It is beyond the scope of this paper to 
consider the reasons for this difference but the fact 
remains that it exists. Note also that a wide vari- 
ation exists within the group of roller bearings, and 
a few of the higher quality roller bearings approach 
the small internal clearance of the ball bearing. 


Expansion of Inner Race 


When a ball or roller bearing is pressed on a 
shaft the inner race or inner ring expands. The in- 
ternal looseness of the bearing is reduced when the 
inner race expands. The bearing looseness becomes 
less by this total expansion at the outside of the 
inner race, or more exactly at the ball path. 

The expansion of the inner race is not equal to 
the total press fit on the shaft but only a fraction 
of it. The pure theory indicates that this fraction 
equals the ratio of inside diameter to outside diame- 
ter for the ring. In ball bearings, this ratio varies 
from 65% to 90% approximately. So the looseness 
within the bearing shculd become less by about %4 
of the press fit on the shaft. 

In practice allowance must be made for the con- 
dition of the shaft surface and bearing bore and for 
the straightness of these surfaces. Turned surfaces 
would first loose the tops of the fine ridges. They 
also tend to pound out more quickly. Likewise 
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hollow shafts reduce the amount of inner race ex 
pansion. 

Let us now examine the actual size of these ex 
pansions. In the past most ball bearings have been 
used with a lock nut tightly clamping the inner race 
against a shoulder and with almost no press fit on 
the shaft. The ideal was considered a line-to-line 
hit or slightly looser. Since there must be a toler- 
ance on the shaft diameter and bearing bore for 
production the press fit will vary. The total toler 
ance for an average size bearing would be about 
.0012 and the fit of the inner race on the shaft would 
vary from .0007 tight to .0005 loose. The ball bear 
ing manufacturers recommended tighter fits but these 
are what actually obtained in the field. 

The maximum tightness of .0007 on a ground 
shaft would expand the inner race .0004 to 0006, 
\ssuming that the bearing had only .0002 initial 
clearance, there resulted a positive squeezing of the 
balls between the inner and outer races. Each ball 
would be compressed by half the difference or .00015. 

This positive squeeze or “Preload” can become 
quite serious if the press fit is increased, especially 
at high speed operation. The bearing develops a 
high pitched or “singing” noise. Heating occurs 
and sometimes early failure. Separator stresses in 
crease as the balls never become loose enough to 
readjust their positions. 

Much trouble has occurred in the last two years 
from this internal bearing “preload” produced by 
press fits on the shaft which expand the inner race 
enough to squeeze the balls (or rollers). 

To correct this condition, make sure that there 
is enough internal looseness in the bearing initially 
to take care of the inner race expansion. It is vital 
ly important for the bearing user and maker to co 


operate towards this end. The man who installs 
the bearing should check every bearing after it is 
mounted on the shaft. There should still remain 


a slight internal shake or at least there should be no 
binding whatsoever. 

The internal looseness oi the average ball bearing 
has gradually increased during the past few years 
to take care of the inner race expansion, especially 
as press fits have increased. Nowadays practically 
any ball bearing purchased for replacement will have 
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0004 or more total radial looseness. Even more is 
required as locknuts have been eliminated and press 


fits made larger. 


Elimination of Locknuts 


Locknuts are not necessary with ball bearings 
except to carry thrust loads, as has been proven by 
the. successful use of bal! bearings without locknuts 
on two of the most popular makes of general pur- 
pose motors for the last few years. No nuts are 
used even at higher speeds, 3600 RPM up to 2%” 
shafts and 1800 RPM up to 4” shafts. 

It is desirable to eliminate locknuts where this 
can be conveniently done. Aside from additional 
cost, they increase the motor length and the over- 
hang of the pulley or gear. The thread weakens the 
shaft at the point of maximum bending moment. 
\lso the reduction in diameter at the thread makes 
necessary larger shaft diameters. 

Roller bearings have been used without locknuts 
much more than ball bearings and much sooner. We 
see no reason whatsoever for this distinction. The 
action between the shaft and the inner race of a 
roller bearing is exactly the same as that of a ball 
bearing. ‘The only cause for this distinction is the 
fact that the roller bearing has always had greater 
internal looseness and therefore automatically com- 
pensated for race expansion from greater press fits 
on the shaft. The distinction no longer exists now 
that ball bearings are made looser to suit. Ball 
bearings are used just as frequently without lock- 
nuts. 

When ball or roller bearings are mounted on a 
shaft without a locknut, the it must be made tight 
enough to prevent turning of the inner race on the 
shaft in operation. Very little tightness is normally 
required as it is only necessary to overcome the 
very low friction of the ball bearing. <A _ rolling or 
kneading action occurs under very heavy loads, es- 
pecially with thin races and then mere press fit 
is required. In extreme cases, we must use a press 
fit on the shaft and a nut but normally a minimum 
press fit of .0002 is enough (.0001 on the smallest 
sizes.) The minimum shaft diameter becomes just 
.0002 larger than the maximum bearing bore or nom- 
inal bore (S.A.E. Standards). 

The maximum press fit is then greater than the 
minimum by the total variations in shaft diameter 
and bearing bore which we can assume about .0012 
normally or about .0014 total press. We must make 
the bearings loose enough to allow for the expan- 
sion that results. The bearing should then have 
0010 initial internal looseness. This is frequently 
shaded to about .0008 ‘because the maximum press 
fits do not occur often and even then the total 
squeeze of .0001 on each ball is not enough to be 
harmful. 

When the press fit on the shaft is near the mini- 
mum, the inner race does not expand and the entire 
initial looseness remains in the bearing. A _ total 
looseness of .0008 is too small to be objectionable 
on most motors. There may be undesirable vibra- 
tion or noise on some of the highest speed motors. 
It is then only necessary for the motor manufac- 
turer to prearrange with the bearing supplier for 
less looseness and less tolerance on the shaft and 
bore. The additional expense is to be expected for 
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higher speed applications and may be more than off- 
set by the saving from taking out the locknut. 


Economies Effected 
By The Use of 


Anti-Friction Bearings 
In Connection With 
Mill Type and 


General Purpose 
Motors 


By H. F. BRENHOLTS, 


A Fafnir Bearing Co., Pittsburgh, Pa. 


Your Association, last April, completed twenty- 
six years of service to the Iron and Steel Indus- 
try. The first meeting was held here in Pittsburgh 
—attendance numbered twenty strong—the purpose 
of the meeting was 

To secure a mill motor which would stand up 
under the duties of making steel. 

Practically speaking—the original purpose of the 
Association still exists as one of its major functions 
and may it never cease. . 

It is now history that the Association obtained 
immediate results which lead to the development of 
a direct current, distinctive, mill type motor. 

The growth of electric motor installations were 
rapid and now aggregate over seven millions of 
horsepower. These motors range in size from a 
fraction to 10,000 horsepower. For anti-friction 
bearings the present main field ranges from 4 to 
180 horsepower. 

Reviewing briefly the situation leading up to the 
use of anti-friction bearings, we find sleeve bearings 
giving trouble, in certain types of installations. Ris- 
ing maintenance costs with increased capital invest- 
ment in spare parts soon lead the electrical depart- 
ment through an extensive study of motor construc- 
tion, including bearing design. 

It was not by sheer luck that in 1926, twenty- 
five electricai superintendents of your largest plants 
made independent surveys of their own causes of 
motor failures, which can be summarized for D. C. 
Motors, as follows: 

11% Burnouts due to oil 

6% Burnouts due to overheating 
15% Burnouts due to moisture 
21% Mechanical failures 

17% Outside influence 

The percentages on A. C. Motors were some- 
what similar, especially the burnouts due to oil. 
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This indicates approximately half of the failures 
were traceable directly to bearings. 

All mill type motors originally had split sleeve 
bearings, mounted in split housings. Oil is the lub 
ricant for sleeve bearings, but has been found almost 
impossible to retain within the confines of mill 
motor housings and bearings. The persistence of 
oil in filling and escaping through any openings, 
and its tendency to vaporize thus saturating the 
armature and stator windings caused the greatest 
percentage of your failures. While a split bearing 
and housing has many advantages due to ease of 
dissembly, the difficulty of sealing foreign material 
out, and the oil in, awakened many individuals to 
the possibilities of anti-friction bearings. 

The first changeover installations were made bs 
adapting standard anti-friction bearings to existing 
motor housings. The motors selected were natural 
ly those giving the most trouble, thus putting the 
anti-friction bearing ‘on the spot” immediately. 

Here we should give the mill man our vote of 
thanks for his patience and perseverance, as he en- 
countered many difficulties in adapting anti-friction 
bearings to the limiting confines of housings orig! 
nally designed for sleeve bearings. Numerous bear 
ings were overloaded, but in all cases the anti-fric 
tion bearing manufacturer supported the courage oi 
his convictions, feeling he had the solution to most 
of the trouble, and together with the mill man, 
awaited the results. Some waited six months, others 
several years to be convinced, but the results were 
usually alike, motors were still in service which ha: 
previously, with sleeve bearings, been in and out 
for repairs several times during a similar period. 

In justifying a replacement program the results 
spoke for themselves, and you were able to submit 
to your superiors the following facts: 


Bearing failures were practically eliminated 
Maintenance and Repair Costs were reduced. 


This includes savings on such items as labor 
costs for inspection and oiling, costs for rewinding 
and replacing bearings and incidental costs for lub 
ricant. As explained, leakage of oil caused the ma- 
jority of failures with sleeve bearing motors. Grease 
is the satisfactory lubricant for anti-friction bearings 
and is easily retained within the confines of your 
mill motor housing, thereby eliminating this reason 
for motor failure. 


Savings Resulted from Fewer Interruptions of Service 


This is difficult to evaluate as it is dependent 
upon actual duty of the motor, but each of you can 
probably recall one of your costly plant shutdowns 
as a fitting example. 


Reduced Capital Investment in Spare Motors and Parts 


The increased life of motors and fewer failures 
permitted a smaller stock of spare parts. 

Recommended anti-friction bearings are inter 
changeable in all their dimensions, thereby stand 
ardizing all shaft and motor housing fits. This makes 
for interchangeability of bearings with armatures 
and housing parts and simplifies stock control. 

The trial of anti-friction bearings in addition to 
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proving the above economies disclosed other valu 
abie characteristics. 

The life cf any bearing is dependent upon clean 
lubricant. In the case of sleeve bearings it has 
been found almost impossible to keep out the for 
eign material which causes wear to both shaft and 
bearings. 

\nti-friction bearings, because of their design 
requiring very small running clearances are and can 
be properly sealed against entry of foreign materials 
\Wear is extremely small and occurs only within 
the anti-friction bearing. Immediate replacement of 
worn bearing can return the motor to its original 
operating condition. 

The anti-friction bearing using grease lubrication 
requires infrequent attention and therefore is ideally 
suited for motors located in inaccessible places. In 
as much as the bearing and its closure is solid and 
symmetrical, any motor may be inverted for a ceiling 
mounting, or the drive can be taken off at any an 
cle. 

The inner races of all anti-friction bearings are 
shrunk or pressed on motor shaft thereby locating 
the armature, both radially and axially. 

Vibration is minimized resulting in longer life 


for brushes, commutators, couplings and pinions. 
This concludes briefly the history of the applica 
tion of anti-friction bearings to mill motors, how 


ever, operating conditions change with the times, 
and mill motor manufacturers are now building and 
rating their motors for relatively high speeds, to 
supply the demand ot the builders of steel mill 
equipment. This change in conditions must be met 
with the selection of the proper type of anti-friction 
bearing, as the motor manufacturer has now im- 
proved his design to help assure bearing perform 
ance, 

In many instances, considerable thrust is im 
posed on the armature shatt from angle mounting 
of motor, trend toward helical gears, and other types 
of drives. 

Let us consider the characteristics of bearings 
available 

Certain anti-friction bearings carry radial load 
only and separate bronze thrust collars are provided 
in the closure assembly. This design has but limited 
thrust capacity and frequent replacement of bronze 
thrust collars usually occurs when subjected to 
heavy thrust loading. 

Other makes absorb thrust load against should 
ers or flanges which are integral parts of the bear 


ing. Their thrust capacity is usually but a small per- 
centage of the radial rating. \ third type carries 


the thrust load between two deep groove angular 
contact raceways and has a rated thrust capacity 
equal and in addition to its radial loading. The 
third type also has the advantage through its natur 
al ability to withstand high speed service with a 
minimum increase in operating temperature, to 
answer that new demand of the steel machinery 
builders. 

We all know that standardization of equipment 
is the greatest factor tending to minimize investment 
in spares, but too frequently we sacrifice this stand 
ardization for reasons that are not economically 
sound by carrying duplicate stock where one would 
suffice. 

The third type mentioned is the deep groove 
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angular contact double row ball bearing. It is per- 
fectly interchangeable with all makes, it has the 
radial capacity, the thrust capacity, operates at high 
speeds, and is now available in all sizes. 

Therefore in the interests of economy you can 


Discussion 
a’ 


F. D. Egan: Mr. brenholts has explained the 
reason for changing motor bearings from sleeve to 
anti-friction, was due to oil leakage, followed by 
loss of mica between commutator bars of the D.C. 
motors and loss of the primary winding of induc- 
tion motors. 

One of the first motors we changed from sleeve 
to anti-friction bearings, was a 70 MC. mill type 
driving the bridge of a Foundry crane. This is a 
medium speed motor, has been operating very suc- 
cessfully since 1926. This motor was brought into 
the shop in 1931 and found in good condition, it 
was returned to the job and is still in operation. 

The main reason for changing bearings from 
sleeve to anti-friction type, was to change from oil 
to grease lubrication and reduce armature changes. 
llowever present design machinery calls for speeds 
ot 1500 RPM. on pumps, fans and machines of that 
type, and when driven by motors with horse power 
ratings from 100 to 200 HP. and larger and operation 
at this speed, have developed bearing trouble using 
grease lubrication, and if we are compelled to go 
back to oil lubrication we will defeat the reason 
for changing. 

We have had trouble with several motors of this 
size and speed, flexibly coupled operating under ideal 
conditions yet developing high temperatures in the 
bearings. On two motors first one bearing will run 
hot and then another... We found the grease forcing 
out at the end of the bearings, and after cleaning 
the bearings and putting in new grease, the bearing 
will operate satisfactorily for a period of time. We 
lost one bearing on this location, yet they require 
too much attention. Bearing temperature as high as 
Iso deg. F. have been observed. 

Is the cause of this heating due to high pert- 
pheral speed for this size of bearing using grease? 
| would like to hear an expression of opinion from 
the bearing manufacturers on this question, also if 
there is a limit in peripheral speed above which 
oil lubrication should be used. 

T. Barish: I am glad Mr. Egan brought up the 
question of allowable operating temperatures —be- 
cause it is a very active one. When operating a 
motor with a bushing or plain bearing, the load is 
carried on an oil film. If the oil film becomes too 
thin it loses entirely its carrying capacity, and for 
that reason a temperature rise of 50° frequently 
means bearing failure, but that is not true in ball 
bearings. Even when run continuously at over 200° 
there is no direct harmful effect on the bearings. 
The loads are carried on a steel-to-steel surface and 
200° KF. temperature does not matter so far as the 
bearing capacity is concerned. ‘This heat may indi- 
cate something rubbing or something else wrong, 
but it does not mean a bearing failure. 


JULY, 1933. 


also serve standardization by considering the bear- 
ing which will perform every duty and add further 
to the savings obtainable through use of the Stand- 
ardized Mill Motors now anti-friction bearing equip- 
ped. 


[ know of some large pumps which include unnec- 
essary circulating water cooling systems simply be- 
cause the operator is accustomed to plain bearings 
and he must have the bearings cool enough so that 
he can keep his hand on them, so we have a water 
cooled operator’s hand rather than a water cooled 
bearing. 

In answer to the question of oil vs. grease, oil 
lubrication has certain advantages as follows: Al- 
most any good oil will prove satisfactory for ball or 
roller bearings where variations in viscosity are not 
important. For that reason, on large bearings for 
expensive installations oil is frequently used just as 
a safety factor because you can rely on any operator 
to obtain a satisfactory oil. Also, he can drain the 
oil, clean the bearing and relubricate. 

Greases on the other hand are subject to the one 
disadvantage that there are still quite a number of 
them that are not good, and care is required to 
avoid having some careless operator use poor grease. 
This danger may not be present very much in a steel 
mill where bearings receive some attention. Where 
greases can be used they need not be renewed as 
often, and they help the seals because they clog up 
the openings. 

There are few high quality greases that can be 
used at very high speeds. The Yates American 
Machine Company used one particular grease for 
several years on 2” shafts up to 8,000 R.P.M., and 
materially reduced their failures to less than one- 
tenth of what they were before. However, there was 
only one particular grease that could be used in this 
service for the first few years. Fortunately, there 
are more available now. 

In this connection, I would like to mention an 
unusual experience. We were testing grease at high 
speeds, and packed a grinder spindle full with grease 
to see what would happen. We kept a record of the 
temperature on a recording thermometer. Of course, 
these spindles heated. The temperature rose im- 
mediately to nearly the melting point of the grease. 
Then the curve was approximately flat for a period 
of one to several hours. ‘Thereafter the temperature 
would drop suddenly to a very low point, as low as 
with oil lubrication, or even slightly lower. If the 
unit was stopped and started again the temperature 
did not rise as the first time. The conclusion is 
that if a ball bearing heats due to an excess of 
grease, allow it sufficient time to work its way 
through the grease before attempting to add more. 
To help it further, open the drain cock so the excess 
can work its way out. 

R. R. Owen: Was that a roller or ball bearing, 
Mr. Egan? 

F. D. Egan: Roller Bearing. 

J. W. Bates: Mr. Farrington has just told me 
of a new lubricator for crane wheels he has heard 
about and [ wonder it Mr. Young would care to 
tell us about it. 

J. L. Young: Several months ago a meeting was 


A. |. & S. £ &— CONVENTION AND IRON AND STEEL EXPOSITION OCTOBER 17, 18 AND 19 AT PITTSBURGH, PA, 


JULY, 1933. 


held in this hotel under the auspices of this Associa 


tion at which time the question was raised as to the 


development of a device or a method of properly 
lubricating crane-wheel plain bearings. The subject 
at that time was “Spoilage of Finished Materia! 
from the Leakage of Oil from Overhead Travelling 
Cranes.” 

It so happened that during that meeting the 
question was asked by a member if anything had 
been brought out that would allow oil or grease to 
be held in such a way as to prevent the slushing 
back and forth in the journals that in turn would 
prevent spillage or leakage. Several days after that 
meeting I happened to run into a fellow who was 
developing such a device and as yet that device is 
not on the market. 

| still think the roller bearing is the answer to 
crane-wheel and gear problems on overhead cranes 
but the steel mills still have a quantity of the old 
plain bearing equipment that they must live with 
for a time to come until they can justify the replace 
ment of that equipment with modern anti-friction 
equipped cranes. 

\ short time after that interview | was talking 
to Mr. Farrington of the Wheeling Steel Corporation 
at Steubenville and as he was one of the men who 
was interested in the question, I explained the de 
vice to him. 

At the present time plain bearings are lubricated 
by oil-soaked waste or by several methods of hold 
ing grease against the axle. The difficulty has arisen 
principally from the lack of constant pressure of 
the lubricating medium against the axle and as such 
requires constant attention to keep that medium 
in condition so that it will form a proper wiper or 
wick on the axle. 

This device is a cylinder of felt arranged with 
spring inserts that wili cause the cylinder to retain 
its cylindrical form even after being compressed and 
placed in the cellar under the axle. In that way the 
pressure is always maintained between the oiling 
device and the axle. This type of lubricator in the 
past has been unsuccessful due to the difficulty of 
maintaining that pressure and at the same time pre 
venting the cylinder from rolling out from under the 
axle. This device has an anti-rolling arrangement 
consisting of cross-chains fixed to the springs that in 
turn create a tension at the movement of the cvlinder 
and in that way prevents crawling. This is especial- 
lv true on a cold morning or after the crane has 
been standing for some time and the oil has become 
frozen and the lubricator stuck to the shaft. 

With this type of lubricator it is not necessary 
to fill the cellar with more oil than is necessary to 
be held in suspension by the felt and in that way 
leakage and spillage can be eliminated to a_ great 
extent. 

The reason for bringing this to Mr. Farrington’s 
attention as described previously was to answer his 
question as raised during that November meeting as 
| thought he would be interested in knowing of such 
a device. 

C. E. Bedell: 
dicate that we have a big problem of co-operatioa 
between the mill builders, the builder of roller and 
ball bearings, the men who prepare the oil, and the 
men in the mills who take care of the bearings. | 
believe a method of co-operation among these agen 


The remarks tonight seem to in- 
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cies could be worked out with quite beneticial re 
suits to the general problem of anti-friction bearing 
applications. 

J. W. Bates: 


of the man who struck the M.C.B 
twenty years, showed a picture of 


The speaker who told us the story 


bearings lol 


ar truck and 


in the picture there was a man looking at some 
thing in the journal {f would like to know what he 
was looking at in there. 

V. A. Menaglia: The man shown in the photo 
graph was lettering the date of inspection right on 
the truck Phat brings up this question of whai 


causes a bearing to tail Qne of the first jobs | 


had was tending a pump, and if anybody has ever 


tended a pump he will realize what a_ strong 


tendency that sound will have to put one to sleep 
ln my case, | guess it was the smell of a burning 
motor that woke me up. As soon as | awakened | 
realized what had happened [ stul had enough 
presence of mind to “Cover up my tracks” as tar 
as the bearing was concerned | got the oil and 
filled the bearing and when the master mechanic 


came around, nobody could explain why the motor 
burned up. 

Coming back to this lubrication question, thers 
is no doubt they still work that scheme on anti 
friction bearings and some of us who had experi 
ence in getting our alibies ready in plenty of time, 
insisted when they inspected and added new lubri 
cant that the date be carefully marked above the 
mill operators that 


journal box. I| suggest to steel 
it would perhaps pay them to do the same thing 
Most steel mills have regular maintenance men who 
ut once in a 


eo around and lubricate the bearings, | 


while they slip and if some accurate data was in 
evidence, showing when a_ particular bearing was 
inspected and lubricated, it would perhaps help solve 
some of these problems a little easier 

Mr. Kgan has raised the point about tempera 
r less emphasize what 


Most com 


ture rise. [I want to more o 
Mr. Barish had to say on that point. 
panies recommended oil for the reason that greases 
varied too much and there were so few good greases 


on the market. With the advent of the higher speed 


motor and special types that some of the electrical 
manufacturers have brought out, such as fan cooled 
motors, it 1s sometimes difficult to hold oil in the 
bearing housings. With fan cooled type you have a 
different pressure on each side of bearing housing 


which allows oil to be sucked out into the windings 
The only recourse is to turn to grease 

Mr. Barish brought out the point that if you use 
oil or grease, which is too light, you will have tem 
perature rise due to churning action \We have 
found the same thing. In the past 1f we had temper 
ature rise in the bearing motor, we thought the 
thing to do was to use lighter grease \We went 
down to lighter and lighter grease but the tempera 
ture kept going up. We therefore reasoned that if a 
lighter lubricant didn’t cool them, let us go to a 
stiffer grease and see what happens. In many cases 
you will be able with a _ heavier grease to lessen 


this temperature rise. The explanation is simple 


If you use a stiff grease, the bearing will channel 
through it. We do not desire a lubricant to carr) 
the load but to eliminate the small amount of frie 
tion between the rolling elements and the retainer 
With a heavy grease you will throw it to one side 
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It wiil cut into this channeled grease and there will 
be a certain amount of oil oozing out which will 
furnish enough lubricant for anti-friction bearings. 
If you have temperature rise, instead of going to 
lighter grease, go to heavier and in most cases your 
ditficulties will be corrected. 

H. A. Smith: We make both oils and greases; 
generally speaking of the highest quality, although 
we do have intermediate competitive grades. If any- 
body wishes to ask questions on either oil or grease, 
I will be glad to give them any information I have. 
Many of the troubles experienced, are probably due 
to poor quality of oil or grease, or incorrect type 
and consistency. 

J. W. Bates: ‘he troubles are probably often due 
not because the manufacturers do not make a better 
grease, but because the users do not buy a better 
grease. 

H. S. Heichert: What provision should be made 
to preserve bearings in a plant that is not operating 
and is not expected to operate for some time? Is 
there any free acid or alkali in the oil or grease 
which might cause the bearings to deteriorate? 

J. L. Young: ‘The bearing housing should be 
packed as full of grease as possible and that grease 
should be of such an analysis as to prevent etching 
of the bearings. It of course is necessary to study 
each individual problem as quite a few bearings are 
lubricated with oil and it is more of a problem to 
pack those oil lubricated bearings satisfactorily to 
prevent rust during the idle periods. ‘There is also 
a question of water that may have collected in the 
bearing housing and it that water is left in suspen- 
sion or in such a position as to come in contact 
with any part of the bearing, rust may be expected 
so that the best plan for absolute protection would 
be to drain and flush each bearing and after flushing 
add grease in such a quantity as to thoroughly cover 
the bearing. 

T. Barish: In answer to the question of how to 
take care of a plant that is shut down for a consid- 
erable period, there is a simple solution for the ball 
bearings, use petrolatum. This is a pure mineral! 
and will, therefore, have no bad effects on the bear- 
ings. It is inexpensive. The best procedure would 
be to pack the bearings full of petrolatum, and _ per- 
haps rotate each shaft a few revolutions. 

The petrolatum will melt at 130°. That is why tt 
is not used more for lubrication, but it still remains 
a good slushing compound. Afterwards when it 
melts it will be absorbed by the oil or grease regu- 
larly used in the bearings. 

H. A. Smith: We have done quite a lot of work, 
along with the ball bearing manufacturers, on 
greases that are used in their stock bearings, that is, 
bearings stored on shelves for months or years, or 
bearings that are put in a motor or machine where 
the machine or motor may stand in a warehouse 
for a long period of time. Most of the greases of 
the ordinary quality will separate slightly, which 
may be explained by the fact that they are all me- 
chanical mixtures of a soap and mineral oil. The 
soap is a saponified chemical mixture of an alkali 
(usually soda or lime), fixed oil (animal, vegetable, 
or fish oil) and some moisture, the whole acting as a 
carrying medium, or sponge, to hold the mineral oil. 
Temperature changes of the grease tend to “sweat” 


the oil out of its “carrier”. 
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We have brought out within the last three years 
some greases which were developed after going over 
the whole situation with the ball bearing manufac- 
turers. These greases have given exceptionally fine 
results in both storage and active service, the former 
being like that where you pack the bearing with grease 
and leave it in a warehouse where in the winter 
the temperature may go below zero, and in summer 
go up to 110 or 120 degrees. They are pure soda 
soap greases with extremely short fiber, and are 
much more resistant to separation, oxidation and 
other detrimental changes, than any other greases 
we have tested in our research work. 

Generally speaking, I agree that petrolatum is 
the lubricant to use where you will occasionally 
slush the bearing and leave it. Many anti-friction 
bearing manufacturers slush their products with pe- 
trolatum, as it is a pure mineral oil which is solic 
below about 130°F. and which will readily mix with 
the oil or grease used in the bearing when it is put 
into operation. 

As to filling the housing with a grease; if that is 
done, | would say you should use the highest grade 
grease you can get. Frequently, when a bearing is 
packed with ordinary greases, the oil oozes out leav- 
ing the soap which will prevent proper rolling mo- 
tion and result in practically immediate failure of 
the bearing. 

F. D. Egan: In the case of cranes in an idle 
department, with an indefinite starting time, should 
the anti-friction bearings be washed out periodically 
or left stand after being slushed, and what grade of 
grease should be used for this application? 

H. A. Smith: If the grease has been in there for 
some time, it would be good practice to clean them 
out. After the grease has been churned around it 
aerates; in other words, the grease mixes with the 
air and the air, being composed partly of oxygen, 
will tend to oxidize the fixed oil in the grease leav 
ing an acid content which will etch polished steel. 
The one cleaning should be sufficient for a long 
period if the lubricant used for repacking the bear- 
ing is of high quality and resists separation. A 
petrolatum, which is a straight petroleum product, 
would be particularly suitable for this service. 

F. D. Egan: If the crane has never operated 
and will not run for a long period, what is recom- 
mended as good practice? 

H. A. Smith: The best procedure would be to 
remove the bearing, clean it and fill it with a high 
quality grease or (preferably) a petrolatum. If the 
bearing cannot be disassembled, economically, it 
would be advisable to fill the housing, say with a 
petrolatum, run it enough to force out most of the 
old grease and refill the housing (with petrolatum) 
for the long idle period. 


H. H. Wood: I have a suggestion which may 
aid Mr. Egan in overcoming his difficulties with ov- 
erheated bearings on motors. In his paper Mr. 
Young refers to the air vent which we incorporate 
in our roll neck bearing mounting. We got the idea 
of venting these chocks from an Electrical Superin- 
tendent who for several years has used air vents on 
anti-friction bearings in cranes and motors. In the 
first place, the use of the vent makes it easier to 
grease the bearings because if the closures are tight 
and no vent is used, it is necessary to pump the 
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grease in against an air cushion. By using the air 
vent there is no hack pressure and therefore the 
grease enters easily. In the second place if the bear- 
ing overheats due to an excess of lubricant, the air 
vent permits the excess grease to find its way out 
after which the bearing should assume its normal 
running temperature. Finally, the use of an air vent 
really makes for cleanliness because without it grease 
is usually forced in against an air cushion and this 
air expands when it heats up, forcing the grease 
out of the closures. This can’t happen with the vent. 
On one of our mill installations which was supposed 
to to be vented I noticed that the bearing tempera 
ture was constantly rising and on examining the 
vent we found that the pipe plug had not been 


drilled. The mill was shut down, we unscrewed 
the pipe plug, and grease shot 20 feet across the 
floor. ‘The mill was again started afier the pipe 


plug had been drilled to form the air vent and the 
temperature of the bearing constantly dropped until 


IRON AND STEEL ENGINEER 183 


it assumed its normal operating temperature and 
there was no further trouble with overheating on 
this bearing. 

M. Reswick: In the selection of a grease lubri 
cant for ball or roller bearings, the user should make 
sure that he gets a product of the proper composi 
tion suitable for the particular application in mind. 
Kor example, in the lubrication of the large roller 
bearings on the roll necks of a 4-high mill, where 
there is some liability of water getting into the bear 
ings, the grease should be of a lime base, which 1s 
water repelling. It is also desirable to have the 
grease possess extreme pressure characteristics to 
stand up under abnormal loads. On the other hand, 
for motors subjected to high speeds and to abnormal 
temperatures, the grease should be of soda base and 
very carefully manutactured. In general, in the se 
lection of a grease lubricant, the grease manufacturer 
should be consulted, and his recommendations con 
firmed by the manufacturer of the bearings. 


Results Accomplished By A Progressive 


Sister S 


By J. F. KELLY 
. Managing Director of A. |. & S. E. E. 


The American Welding Society, one of the lead 
ing and one of the most progressive National en 
gineering societies in the United States, will soon 
be enjoying its fourteenth anniversary. 

It started with a membership of about one hun 
dred and has grown to over fifteen hundred mem- 
bers, many of them being the leading technical and 
practical welding authorities of the United States. 

The American Welding Society is today, the 
fountain head of all welding activities and its specifi- 
cations and codes are not only the recognized stand- 
ards, but they represent the combined efforts of the 
welding engineering fraternity in this country. 

For example, in the early days, a wide variety of 
nomenclature and definitions were in vogue. \Veld 
ing experts did not talk the same language. To 
meet this need a committee was appointed to draw 
up standard nomenclature, definitions and symbols. 
Not only has the matter of the common language 
been successfully solved, but standard symbols en- 
able the draftsman to specify clearly and concisely 
the type, location and size of welding to be used, 
thereby eliminating confusion and expense. Other 
standards developed by committees of this Society 
or its research department known as the American 
Bureau of Welding, include standard tests for welds, 
standards for arc welding apparatus, specifications 
for welding wire and gauges for measuring dimen 
sions of welds. 

Perhaps the growth of welding during the past 
few years has been, to a large extent, due to the 
maintenance of quality standards and_ procedure 
specifications. In this way it is possible to eliminate 
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the doubt as to the quality of workmanship, and 
engineers have, in general, come to look upon weld 
ing with greater confidence. 

In the matter of codes the Society has also taken 
a leading and active part. The first code issued by 
the American Society of Mechanical Engineers for 
pressure vessels included some very restrictive meas- 
ures against welding. The Society through its re 
search department carried out an exhaustive series 
of tests which furnished authentic data to back up 
the Society in its demands for a more lenient code 
which would be fair to welding. 


These demands led to the appointment of suitable 
joint committees which, through research work and 
deliberations, have resulted in the providing of a 
new code which permits the use of welding to an 
extent considered impossible a few years ago by 
even the most enthusiastic welding engineer. 

In the structural welding field the Society has 
taken the initiative and has issued a building code 
which has been adopted by over a hundred cities and 
municipalities. The values have been used in the 
design and erection of several hundred important 
welded structures. 

The research work of the Society is conducted 
under the auspices of separate board, known as 
the American Bureau of Welding. This board is 
also affiliated very closely with the National Re 
search Council and has representation from some 
fifteen leading scientific and engineering organiza- 


tions. 

An outstanding report of the American Bureau 
of Welding was recently issued. It is the report of 
the Structural Steel Welding Committee. It is also 
indicative of co-operation on a wide scale. The pro- 
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gram as carried out and reported included the weld 
ing and testing of nearly 2,500 specimens. 

The participants in the investigation included 
three steel mills, 39 fabricating shops, 61 welders, 
IS inspectors and 21 testing laboratories. ‘The work 
was distributed over the central and eastern portions 
of the United States. A Canadian laboratory pro- 
vided pilot or preliminary information based on the 
testing of 342 specimens welded in three Canadian 
\bout five vears have been spent on entire 
This report, occupying more than 200 


shops. 
investigation. 
printed pages, is available. 

Some of the aims of the Society may be briefly 
summarized as follows: 

1. To collect and make available authentic and up- 
to-date information on welding, gas and electric 
arc cutting and to be recognized as the au- 
thoritative source of such information by manu- 

weldirg field, users of the 
legislative 


facturers in the 

process, engineering societies and 
bodies. 

2. To provide a means for the interchange of knowl- 
edge and experience to aid in the solution of the 
problems of the welding art—technical, ethical 
ind commercial—through co-operative effort. 

3. To be the agent of the industry in co-operative 
research on important technical problems, and 
to serve as a common spokesman of the indus- 
try in matters pertaining to its welfare. 

|. To provide opportunities for social intercourse, 
and thus to promote a_ better understanding 
among manufacturers, users and scientists in the 
welding field, and to foster a spirit of co-opera- 
tion for the common good. 
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5. To encourage the development of welding 
through improvements in present applications 
and expansion of its uses into new fields, and 
to develop technical and ethical standards for 
the welding industry. 

The Steel Industry, as a whole, could, with profit, 
follow the work and activities of the American Weld- 
ing Society. The Steel Industry, in its endeavor to 
find new uses, new markets, new outlets for Steel, 
should lend its moral as well as its financial sup- 
port to the American Welding Society, which de- 
votes three hundred and sixty-five days of each year 
to developments in welding. The results accom- 
plished by this Society’s activities will, in the future, 
pay a handsome dividend to the Steel Industry when 
taking into consideration that with the use of weld- 
ing, fabricated rolled steel products have a potential 
market of twenty million tons of Steel annually. 

The Welding Engineering Division of the Asso 
ciation of Iron & Steel Electrical Engineers wil! 
co-operate in the tuture with the American Welding 
Society to the fullest extent. A close co-operation 
betwcen these two Societies will, without doubt, 
prove a distinct advantage to the Steel Industry in 
its campaign for new uses, new markets, new outlets 
for Steel. 

The Association of Iron & Steel Electrical En 
gineers, composed of twenty-two hundred members, 
desires at this time to express its appreciation to the 
\merican Welding Society on its fourteen years of 
progressive and successful efforts toward solving the 
problems of welding, especially for its splendid work 
on behalf of the Iron and Steel Industry. Its past 
certainly assures a successful future. 


Some Considerations In The Selection 
Of Continuous Mill Drives 


By A. F. KENYON, 
General Engineer, Westinghouse Electric and 
Manufacturing Co., East Pittsburgh, Pa. 


The selection of the electrical equipment for the 
most advantageous operation of any continuous roll- 
ing mill involves the solution of a great number and 
variety of engineering and economic problems. To 
mention only a few, there are required the calcula- 
tion of power requirements and the selection of mo- 
tor sizes; decision as to whether all of the stands 
shall be driven by one large motor, in groups by 
two or more motors, or by individual motors; deci- 
sion as to whether the drives shall be constant speed 
synehronous or induction motors or adjustable speed 
direct current motors or adjustable speed A.C. sets; 
decision as to whether the motors shai! run at the 
mill speed and be directly coupled to the mill, or 
shall run at higher speeds and be connected to the 
mill through reduction gearing; and determination 
of a great number of details concerning the charac- 
teristics of the machines, and the makeup and opera- 
tion of the control equipment. Many of these sub- 
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jects have already been discussed at length and 
need not be brought up again now. Rather it is 
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FIG. 2 


ment and to discuss their applications to the drive 
of continuous and related types of mills. 

Certain billet, bar, and rod mills are required to 
roll only a few specialized products, and with the 
range of products definitely known it is possible to 
design a simple mill arrangement for the economt 
cal production of these few specialized shapes. Econ- 
omy in fixed charges and operating costs rather than 
flexibility to produce a wide range of sections is the 
primary consideration and is met by the group drive 
of the roll stands by one or two large constant speed 
motors. In the last few years, synchronous motors 
have been widely applied, and have proven eminent 
ly satisfactory, and afford advantages of unity or 
leading power factor, high efficiency, constant speed 
independent of load, and are often lower in cost 
than induction motors, especially for low speed 60 
cvcle ratings. 

' In contrast to the single-purpose specialized bil 
let, bar, and rod mills, there are many mills which 
are required to roll small orders of widely different 
products. The wide range of product shapes, sizes, 
and grades of steel, necessitates adjustable speed 
operation, while to provide the utmost flexibility in 
the making up of rolling schedules, the speeds of 
the various stands must be independently variable, 
requiring individual motor drives for part or all of 
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the stands. It is usual therefore for the modern 
strip or merchant bar mill to consist of perhaps 
fourteen stands in tandem or continuous arrange 
ment and to be driven by as many as twelve ad 
justable speed motors. Figure 1 shows the layout 
of the new 10” strip mill at the Riverdale plant oi 
the Acme Steel Company. With the exception of 
stands 2-3 and 5-6, the stands are individually mo- 
tor driven, permitting individual adjustment of the 
roll speeds, and thus permitting wide variation in 
reductions. In the roughing part of the mill this 
maximum degree of flexibility is not so important, 
and also it is essential that the stands be located on 
as short ceiters as possible to conserve the temper 
» that these stands are best 


ature of the steel, s 
driven in pairs. Fig. 2 shows the five finish 
ing stands of the mill, which are individually motor 
driven. In Fig. 2 note in the lower left corner the 
vertical pinch rolls and vibrator which deliver the 
strip to an apron conveyor when it is to be coiled, 
while at the left of the mill is shown the flying shear 
which can be moved into place when the strip is to 
be cut into lengths which can be handled on the hot 
bed. Illuminated dial ammeters on the wall of the 
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control balcony enable the mill operators to note 
the load on each motor, and thus to adjust the mill 
drafts without assistance from the control desk op 
erator, 

Fig. 3 shows the layout of the wide strip mill at 
the American Rolling Mill Company Kach rough 
ing stand and its following vertical edger are driven 
by individual induction motors. The comparatively 
wide spacing of the large roughing mil! stands and 
edgers affords ample room for the installation of 
the individual motor and gear drives. In case of acci- 
dent to any miil stand or its drive, that mill stand 
may be shut down, and rolling continued by distrib 
uting the reduction among the other stands Fol 
lowing the fourth pass the strip becomes long enough 
to be in two or more stands at one time, and the in 
termediate and finishing stands are driven by D.C. 
adjustable speed motors to permit control of the 
loops between stands. There are 4-3000 hp. motors 
driving the finishing stands, and 3-4000 kw. motor 
generator sets supplying 600 volt power. 

Direct current adjustable speed motors have been 
used almost exclusively for these modern high speed 
mills, due to their satisfactory characteristics, and 
reasonable first cost. 

One problem of which much has been written, 
and upon which there is a great difference of opin 
ion among designing and operating engineers, is 
that concerning the need for motors of flat speed 
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regulation to drive the individual stands or groups 
of stands in a continuous mill. Certainly different 
mills with variations in stand arrangement, rolling 
speeds, and product shapes and sizes, require drives 
of different characteristics, and general comments 
applying to all mills cannot be made. 

In medium and large capacities no great diffi- 
culty is experienced in the design and construction 
of direct current motors having inherent speed reg- 
ulation of 24%% or less over a 2 to 1 speed range 
by shunt field control. By providing adjustment of 
the compounding series field excitation at several 
points in the speed range, the regulation may be 
considerably improved, and the stable speed range 
increased. The adjustment of the series field exci- 
tation may be accomplished by one or more knife 
switches connected to shunt a portion of the cur- 
rent. This method of adjustment has been success- 
fully used on a number of installations, but is ob- 
jectionable because of the limited number of steps 
of adjustment which can be provided, and because 
the operator must manually set the switches in the 
required position for the particular speed at which 
the motors are to operate. 

These difficulties are overcome by indirectly 
compounding the motor with a series exciter, Fig. 4. 
A small exciter generator is excited by the main 
motor armature current, and hence develops a volt- 
age proportional to the motor load. This voltage 
impressed on a separate field winding on the main 
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motor thus produces the same effect as a strap ser- 
ies field winding. The proper value of series excita- 
tion for each point in the motor speed range is de- 
termined by test, and the shunt and series field rheo- 
stats proportioned so that they may be operated 
together to automatically provide the proper series 
excitation at all times to give flat speed regulation. 
The first such installation was made in 1925 on 
three motors driving a 10” merchant mill, and since 
that time our company has furnished about 70 
equipments totalling nearly 100,000 hp. 

Figure 5 shows the speed ‘regulation curves for 
one of six 2500 hp., 160/320 rpm., 600 volt motors 
for a continuous strip mill, using series exciters. 

The exciter sets are located in the basement, so 
that they may be easily connected in the main mo 
tor armature leads. An unusual method of support- 
ing the heavy current aluminum bus connections 
are as follows. Insulation of alberene stone is held 
rigidly in steel frames which are easily made strong 
enough to resist stresses due to very large currents 
which may occur in case of a short circuit. In this 
case, with a total installation of 12,000 kw. of gen- 
erator capacity and 18,000 hp. of D.C. motors, with 
possible future additions, the short circuit current 
may be several hundred thousand amperes, and _ to 
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withstand the resultant stresses the supports shown 
were found cheaper and stronger than any available 
porcelain supports. 

For the great majority of mills the speed regula 
tion which can be obtained with compound wound 
motors or motors with series exciters, is sufficiently 
low to assure satisfactory operation. However there 
are some mills which many operating engineers be 
lieve should have motors with speed regulation low- 
er than can be obtained by equipment such as de 
scribed above. Several types of regulator equipment 
have been used to automatically control the motor 
shunt field excitation and maintain a synchronized 
speed relation between the roll motors and some 
reference source. 

Figure 6 shows five 500 hp. direct current mo- 
tors driving the finishing stands of a 10” strip mill. 
The stands are spaced on 7-0” centers, the maxi- 
mum delivery speed is about 2600 feet per minute, 
and strip down to .025” thick is produced. It was 
thought that these conditions necessitated the main- 
tenance of very close relation of speeds of these mo- 
tors, and it was specified that the speed variation 
from no-load to full-load should not exceed 14”. 
This close control of the motor speeds was obtained 
by synchronous-differential regulators. A_ variable 
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ratio “Reeves” drive connects a small synchronous 
generator to each of the 500 hp. roll motors. ‘These 
generators supply power to small synchronous mo- 
tors, mounted on the switchboard panels and each 
driving one-half of a mechanical differential. The 
other halves of the differentials are driven by sim1- 
lar synchronous motors, all of which receive power 
from a master pilot generator. The middle part of 
the differential actuates relay contacts to regulate 
the roll motor excitation and hence control its speed. 
\ny tendency of any motor to run faster or slower than 
the pre-determined speed causes a movement of the 
central part of the differential to imcrease or de 
crease the roll motor excitation sufficiently to re 
store the speed to the pre-determined value. Thus 
all of the motors are maintained in synchronized 
speed relation to the common master source, and 
hence to each other. The master pilot generator is 
driven by an adjustable speed motor so that the 
speed of the entire group of motors may be varied 
over a small range without disturbing the syn 
chronized ratios of speeds. The ratios of the speeds 
of the several motors may be adjusted for different 
rolling schedules by changing the transmission ra- 
tios of the Reeves drives. 

\ more recently developed method of speed 
matching control utilizes a stack of carbon discs 
under varying pressure to regulate the excitation 


and thus control the speed of the mill motor. Be 
cause of its construction this device is known as a 
carbon pile regulator. Connected to each motor to 


be contro!ledisavariable ratio “Reeves” drive whici 
drives the screw of a screw and nut mechanism. The 
nut is driven by a small synchronous motor, and the 
entire group of these small motors are supplied with 
power from a common generator and hence all run 
at the same speed. Any movement of the nut along 
the screw is translated through a system of levers 
to increase or decrease the pressure on the stack of 
carbon discs, thus decreasing or increasing the re- 
sistance and controlling the excitation and speed of 
the mill motor. With the mill motor driving the 
screw at the same speed that the pilot motor drives 
the nut, there will be no movement of the nut along 
the screw, but any tendency of the mill motor to 
run faster or slower will immediately result in rela- 
tive movement in the proper direction to change 
the mill motor excitation and restore the balance of 
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speeds. As in the case of the synchronous-differ 
ential regulators, the ratios of the speeds of the se\ 
eral motors may be adjusted by changing the posi 
tion of the belts on the Reeves drives, and the speeds 
of all of the motors may be increased or decreased 
by controlling the speed of the master pilot genera 
tor which supplies power to alli of the pilot motors 
on the carbon pile regulators. This newer type of 
equipment has the advantages ot lower cost, greater 
simplicity, and smaller space requirement as the reg 
ulating equipment is all mounted at the mill motors 
without requiring any switchboard panel space. Fig 
ure 7 shows the construction of the carbon pile reg 
ulator. 

Until a tew years ago most mill designers en 
deavored as far as possible to use conventional and 
standardized machines for the drive of new mills. 
Now, however, in line with other progressive prac 
tices, they endeavor to devise the ideal arrange 
ment and call upon equipment manufacturers to fur 
nish the necessary special equipment. An interest 
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ing example of such special machines are two 800 
hp. vertical motors, one 195/495 rpm. and the other 
285/705 rpm., to drive vertical stands of a 10” con 
tinuous bar mill. In rolling small merchant bar 
sections, it is necessary to turn the axis of the bar 
with respect to the axis of the mill rolls 90° be 
tween passes. On early Belgian looping mills this 
was readily accomplished by the catcher handling 
the steel with tongs. As the continuous types of 
mills developed, the bar was twisted by means of 
properly shaped guides. Such guides are satisfac 
tory for certain sections and at low operating speeds, 
but for the high operating speeds encountered on the 
last few passes of modern high speed continuous 
mills, mill operators felt that better operation would 
be secured by alternating vertical and_ horizontal 
roll stands. Several mills have been built with such 
vertical stands alternating with the horizontal stands, 
the vertical stands being driven through bevel gears 
by conventional horizontal motors. The rolling prob 
lem had been solved, but it was found difficult to 
keep water and scale from the bevel gearing, with 
resultant high maintenance, so on the most recent 
installation, the mill designers proposed the use of 
vertical rolls, pinions, and motor, and the arrange 
ment shown was worked out in co-operation with 
the electrical manufacturer. 

With the use of direct current mill motors large 
installations of power conversion equipment are ne 
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essary. Synchronous motor generator sets have 
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been most widely used, and rotary converters have 
been installed in a few cases. 

In selecting conversion equipment, the first cal- 
culation must naturally be to determine the total 
kilowatt capacity required, and next to decide what 
size units are to be used to make up this total. In 
moderate and large capacities, the cost of motor 
generators per kw. is practically the same, but the 
cost of switching equipment and floor space require- 
ments are increased by the installation of severa! 
small sets, so that it is usually desirable to secure 
the necessary capacity in one or a few large sets. 
600 volt generators can readily be built as large as 
3000-3500 kw. and recent installations of 12,000- 
15,000 kw. total capacity have utilized three-unit sets 
of 5000 and 6000 kw. capacity. The larger machines 
usually have higher efficiency and when operating 
at nearly their full load the losses will naturally be 
lower than with the same capacity of smaller less 
efficient machines. However when a mill operates 
on a wide variety of schedules, some schedules, may 
require operation of only part of the mill motors, 
or the motors may be only partially loaded, so that 
only part of the total generating capacity is required. 
During such light load periods, operation of one of 
two small sets at nearly full load will be more ef- 
ficient than the corresponding large single set op- 
erating at probably less than half load. It thus re- 
quires a careful analysis of the probable load condi- 
tions, together with equipment and building costs, 
efficiencies, etc. to determine the most economical 
number and size of sets to install. 

As an example of a slightly unusual case may be 
mentioned the equipment for a 10” strip mill driven 
by twelve motors totalling about 6000 hp. Calcula- 
tions indicated a total required capacity of about 
1000 kw. of 600 volt generators for the mill motors, 
in addition to which there was required about 400 
kw. of 250 volt power for excitation and for aux- 
iliaries. Power was being purchased at 12,000 volts, 
and for other mills in the plant this was being 
stepped down to 2300 volts in transformers at each 
mill motor room. The preliminary layout proposed 
the installation of a new step down transformer sta- 
tion, two 2000 kw., 600 volt sets for main power 
supply, and a 400 kw. set for excitation and auxil- 
iary power supply. Later it was suggested that all 
of the generator capacity be combined in one large 
set to be driven by a 12,000 volt synchronous mo- 
tor. This change made only a small increase in the 
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cost of the M.G. set capacity, but saved the cost of 
the transformer substation, considerably reduced the 
size and cost of the motor room building, reduced 
the cost of the switching equipment, and permitted 
operation at about the same overall average econo 
my, as the higher efficiency of the larger M.G. set 
and elimination of transformer losses was offset by 
operation at times when one 2000 kw. set would 
have carried the mill motor load, and also operation 
at times when only 250 volt power was required. 
Kigure 8 shows the special 4400 kw. set, consisting 
of two 2000 kw., 600 volt generators, a 300 kw., 250 
volt auxiliary generator, and 100 kw. exciter, all 
driven by a 6350 hp., 12,000 volt synchronous mo 
tor. 

An important part of a mill drive installation 
consisting of power conversion apparatus and _ se\ 
eral mill motors, is the control equipment and par 
ticularly the meters, control switches, rheostats, ete. 
concentrated in the control pulpit for the normal 
operation of the mill. From this point the operator 
must be able to start, stop, reverse, and control the 
speeds of the mill motors, and in many cases also 





FIG. 10 


control certain auxiliary machines such as mill ta 
bles, loopers, runout tables, flying shears and coil 
ers. It is necessary therefore that the equipment 
be compactly arranged on the control desk so that 
all parts of the mill may be controlled from one po- 
sition, and also that the desk size and arrangement 
be such that the operator can see all parts of the 
mill without assuming an uncomfortable position. 

Figure 9 shows the control desk for the 10” strip 
mill at the Acme Steel Company, other views of 
which were shown earlier. The desk was actually 
built in two sections, with the intention of locating 
one opposite the roughing part of the mill and a 
second opposite the finishing part of the mill. How 
ever the mill crew felt that they could make better 
speed adjustments of the roughing stand motors 
from the mill floor than to signal the opetator in 
the pulpit, so that the fine speed adjusting rheostats 
are operated from handwheels on the mill housings, 
and the pulpit operator only starts and stops the 
roughing stand motors and makes approximate speed 
settings. He has complete control of the variable 
voltage supply generators and the five finishing stand 
motors and the runout table variable frequency M. 
G. set. Note that the front of the desk is made in 
removable sections so that the interior wiring is 
accessible for installation and maintenance. The 
lever handles operate the finishing stand motor ver- 
nier rheostats, located in the rear of the pulpit bal- 
cony, through shaft and bevel gearing. 
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As a concluding example of an interesting de 
parture from conventional practice, may be shown 
Figure 10 showing an installation of truck mounted 
oil circuit breaker equipment to control 6600 volt 
circuits at the new Ambridge plant of the A. M. 
Byers Company. The novel feature of this installa- 
tion is the 30” high super-structure on the hinged 
front panels of which are mounted the necessary 
meters and relays for the various types of circuits 
being controlled. The cost of this type of equip 
ment is about the same as that of the truck struc- 
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ture without super-structure and with separate 
switchboard panels, but there is saved the cost otf 
wiring and smaller floor space is required. The 
circuit breakers are standard type B-32, 1200 am 
pere, 15,000 volt, with an interrupting capacity of 
350,000 kv-a. 

This concludes a rather brief and rambling de 
scription of a number of recent developments of 
electrical equipment for continuous mill drives, and 
[ hope that the various subjects were of interest 
and will provoke discussion of points which I may 
have overlooked or which were not made clear. 


Discussion 


Discussion presented by 


S. Lavine, Engineer, Pittsburgh, Pa. 

A. F. Kenyon, General Engineer, Westinghouse Electric & 
Mfg. Co., East Pittsburgh, Pa. 

F. E. Fairman, Engineer, General Electric Company, Pitts- 
burgh, Pa. 

J. Farrington, Electrical Supt., Wheeling Steel Corp., Steu- 
benville, Ohio. 

D. |. Bohn, Electrical Engineer, Aluminum Company ot 
America, Pittsburgh, Pa.. 


S. Lavine: Does the carbon pile heat up and 
change the resistance? 

A. F. Kenyon: The resistance of the carbon pile 
may change due to changes in temperature, but the 
accuracy of speed control is not affected, as the reg 
ulator will merely assume a different position to 
provide the proper excitation to maintain the syn 
chronized relation of speeds. 

I also might add that, except on small motor rat 
ings, the carbon pile does not directly handle the 
roll motor excitation current, but controls only the 
excitation of a smali auxiliary exciter which in turn 
supplies the large motor excitation. In this manner 
the carbon pile is required to handle currents not 
more than an ampere. 

Ff. E. Fairman: Let us assume that there will be 
a graphic instrument such as a recording voltmeter 
connected to the tachometer generator on the mo 
tor driving a stand the speed of which is to be 
regulated. Are we to understand that the curve 
drawn by such a meter will show a momentary dip 
at the time a piece enters this stand and that the 
regulator will act to over compensate for such a 
drop in speed? In other words, will the chart also 
show a ripple over what we shall term the norma! 
speed line and then flatten out? Will the area de 
scribed by the curve below the line on the initial 
bump be about equal to the area under the curve 
described when the regulator overcompensates in its 
initial regulating effort? 

A. F. Kenyon: It is not possible to maintain an 
exactly straight speed curve with fluctuating load 
As the steel enters the mill stand there is a momen 
tary drop in speed, then the regulator responds 
to quickly return the speed, usually slightly over 
shooting and then settling to the desired value. 

A member: How close can you come to speed 
regulation with that type of controller? 

A. F. Kenyon: Such speed matching equipment 


C. E. Bedell, Electrical Enaineer, Mesta Machine Com 
pany, Homestead, Pa. 

S. G. Girard, Electrical Supt., Sharon Steel Hoop Com 
pany, Sharon, Pa. 

W. E. Waldron, Electrical Dept., National Tube Company, 
McKeesport, Pa. 

W. B. Shirk, Engineer, Pittsburgh, Pa. 

' 4 Gg 

G. E. Stoltz, Engineer, Westinghouse Electric & Mfg. Com- 

pany, East Pittsburgh, Pa. 


will provide practically zero speed regulation under 
steady load conditions, as the equipment comprises 
elements which must rotate in = synchronism, Of 
course after the load has increased from friction to 
full load it requires as much as one or two seconds 
to reach a stabilized condition. 

J. Farrington: As regards regulation on our hot 
strip mill, we have had very little trouble in main 
taining constant tension. When the mill is set up 
for a certain gauge the operator is able to maintain 
that gauge within commercial tolerance. 

| do not know of anything else of interest ex 
cept that we finish at 1200 speed a minute. I un 
derstand other mills have exceeded that. 

A member: That picture showed heavy bus 
going down to the machine. I was wondering 
whether you excite that with the full current; also 
how you get the heavy bus into the machine? 

A. F. Kenyon: The series exciter fields carry 
the full armature current of the 3000 HP. mill mo 
tors. Obviously the full bus section cannot be car 
ried around the field of the small exciter generators, 
but this winding consists of only a half turn on each 
pole and two or more poles may be connected in 
parallel. Also the field winding is quite short, and 
the copper is a good heat conductor so that the heat 
generated in the field winding flows out into the 
large section bus, and the field temperature is kep* 
at a safe value. 

D. I. Bohn: I saw that particular installation 
and was very much interested in it. To what ex 
tent are such installations used by operators? You 
know what the experience has been with men in the 
mills. 

A. F. Kenyon: The question of speed regulation 
is one upon which there is much difference of opin 
ion among various designing and operating eng! 
neers. Some operating engineers insist that very 
low regulation is necessary and special speed regu 
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lating equipment such as described in my _ paper 
has been furnished to meet such exacting specifica- 
tions. Other engineers do not feel that such per- 
formance is a necessity, and are operating almost 
identical mills suecessfully without such — special 
regulating equipment. 

D. I. Bohn: Ilave they ever used a scheme 
where field is kept constant? 

A. F. Kenyon: \Ve have not made any installa- 
tions where the field excitation is regulated to a 
constant value. 

C. E. Bedell: | have been greatly interested in 
the remarks here this evening but since my experi- 
ence has been mostly with the operating end of the 
game | prefer to speak from that standpoint. In 
making really new installations it is rather difficult 
to recognize the necessity of automatic regulation. 
\\ e. therefore, often follow the procedure of includ- 
ing all the extra refinements that we think should 
be needed and then as actual operations give us ex- 
perience we often eliminate a good many of these 
extras. 

A. F. Kenyon: The motor shunt field switches 
are usually located in the operating pulpit, so that 
emergency operation in the reverse direction may 
be obtained by reversing the shunt fie!d excitation 
by means of the double throw switches. The mo- 
tors are usually provided with overspeed devices, 
and the control equipment includes field failure re- 
lavs, so that the danger of accidentally opening the 
shunt field circuits is small. In some installations 
the shunt held control has been made magnetic 
controlled from push buttons or control switches 
on the control desk. 

The coarse speed adjustment motor field rheo- 
stats are usually motor operated and hence may be 
located in any convenient place, usually in the mo- 
tor room, where they are well protected and acces 
sible for maintenance. The vernier rheostats are 
best hand operated from handwheels or lever han 
dles on the control desk, and hence must be located 
close to the operating balcony. In various installa- 
tions they have been located in the rear of the bal 
cony behind the operator; and directly beneath the 
pulpit. 

S. G. Girard: Somebody asked about meters. 
\We do have a meter in the pulpit; also load curve 
of each motor on the outside. Opposite the verticals 
there is a meter showing the load and meters for 
the finishing mills, each on the front of the pulpit, 
so that the operator can see what load he has. Be- 
sides the operator being able to control his speed 
from the panel, we have a push button right on the 
housing so the roller can make fine adjustment with- 
out calling on the operator. 

J. Farrington: \Ve had meters in motor room 
and also set of meters in the operating pulpit in the 
mill and after the system was in operation three or 
four months, the rollers asked for meters to be put 
outside the pulpit near the stands and they gauge 
their draft on each stand by those meters, and when 
one gets out of order, they get right after us to 
repair them so we know they are actually usiny 
the meters. 

A. F. Kenyon: On the older types of mills in 
which several stands were driven by each motor, 
meter indications did not mean a great deal in as- 
sisting the roller to properly proportion the work 
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among the several stands. However with individ- 
ual motor drive of each stand, the meters are of 
very real value in helping the roller to properly ad- 
just the mill. 

W. E. Waldron: We have the large illuminated 
dial Station Type Ammeters in the mill for the ben- 
efit of the rollers, who are governed somewhat by 
these instruments, especially when setting up the 
mill. As to speed regulation, I believe the motors 
are guaranteed to be within two per cent without 
speed regulating equipment other than a _ voltage 
regulator. Mr. Kenyon mentioned one-fourth of 
one percent. I was wondering if he knew whether 
the mill required such close regulation. 

A. F. Kenyon: It is doubtful if extremely close 
speed regulation is required except in some very 
special cases. 

W. E. Waldron: As far as I know, within 
is what we have. We have never experienced a1 
trouble with that regulation. 

W. B. Shirk: Quite a number of gentlemen 
have raised the question as to the value of speed 
regulation required for a given type of mill. In- 
stead of speaking of the speed regulation of the 
motors I prefer to think in terms of the speed varia- 
tion obtained on the mill rolls due to changing load 
conditions. Considering speed variation on the mill 
rolls takes into account the performance of all asso- 
ciated electrical apparatus in order to obtain a sat- 
isfactory producing unit. The allowable speed variation 
on the mill rolls depends on the design of the mill 
and the ability of the mill operator to handle a large 
number of units in operation at one time so as to 
produce a_ satisfactory product. According to the 
rules of the A. I. E. E. speed regulation is the differ- 
ence between the no load RPM. and full load RPM. 
divided by the full load RPM. Therefore a motor 
can be adjusted so that it has the same RPM. at 
full load as at no load and then you have zero per- 
cent speed regulation. However at some value of 
load between no load and full load the speed regu- 
lation may be as much as 5%. Due to the fact that 
the motors are not always operating at full load it 
is then up to the operator to estimate what the no 
load speed must be in order to obtain the correct 
rolling speed when using equipment with such 
characteristics. Our engineers when designing main 
roll drive motors and generators take as many 
variable out of the equipment as_ possible so 
that the mill operator can devote his attention 
to other problems. When we state that the speed 
regulation of the motor will not exceed 2% we mean 
that the difference between no load and full load 
RPM. will not exceed 2% for a change in load for 
any load from no load up to full load at any point 
over the entire speed range. A motor with such 
speed regulation will have practically a straight line 
“load-speed” curve. The generators supplying the 
motors are fully compensated and constant voltage 
is maintained on the bus. Therefore since constant 
voltage is maintained on the bus and the speed reg- 
ulation of the motors does not exceed 2% for any 
load up to full load over the entire speed range the 
operator knows exactly how each motor will per- 
form and no guess work is required in order to ob- 
tain the proper speed relation between adjacent 
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stands. 


C. E. Bedell: 


On the question of speed regula- 
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tion I have in mind a case where considerable 
thought was given to the question of very fine 
speed regulation on a continuous mill of 10 or 11 
stands and it was thought that we would experience 
considerable difficulty if we did not have fine regu- 
lation. After the installation was made with only 
the nominal two or three percent motor speed regu 
lation inherent in the motors we found that practi 
cally no difficulty was encountered and that the 
pulpit operator could even leave the mill to run for 
several minutes without attention. 


F. E. Fairman: It has been mentioned that the 
speed regulation that has been discussed here to 
night is supposed to give very close regulation in 
speed. In fact, from the general discussion one 
would infer that the claim is made that the regula 
tion will be even less than one-fourth of one per 


cent. JI am wondering whether any manufacturer 


would recommend this scheme of regulation or any 
scheme of regulation supposed to give similar close 
results for a steel mill drive. Would not the cus 
tomer rather have to demand such regulation and 
then the manufacturer reluctantly offer it, in prac 
tically every case? Of course, in asking such a 
question I am guided largely by my own personal 
feelings in the matter, but I am interested in learn 
ing whether they are corroborated elsewhere. 

W. B. Shirk: Mr. Bedell mentioned that 2 per 
cent speed regulation was 100% satisfactory. That 
is good speed regulation if 2% is the maximum 
speed variation obtained on the mill rolls under 
rolling conditions. The speed regulation guaran 
teed on a motor is the speed regulation obtained 
on the electrical manufacturers test floor with con 
stant voltage applied to the motor terminals. If 
you supply constant voltage to the motor terminals 
and maintain the commutator and the brushes in the 
same condition as the electrical manufacturer had 
on their test floor you will obtain absolutely the 
same speed regulation as the electrical manufacturer 
obtained on their test floor. Therefore if constant 
voltage is maintained on the bus and the motors are 
kept in factory condition the speed variation on the 
mill rolls will not exceed the motor speed regula- 
tion guarantee. 

J. Farrington: 
mill superintendents in the room who have the reg 
ulating equipment described in the paper and if they 
will give us their opinion on how accurately this 


I was wondering if there are any 


equipment actually does work. 

G. E. Stoltz: It cannot be definitely stated that 
one method of speed control is necessarily better 
than another unless we have in mind a particular 
type of mill on which it is to be used. We would 
like to supplement the remarks made by Messrs. 
Shirk and Kenyon. If we assumea mill stand as driv- 
en by a direct current motor having 10% regulation, 
its speed with the stand empty will be virtually no 
load speed but the moment full load is imposed on 
the motor its speed will drop 10% until the pass is 
completed at which time it will return to its no 
load or friction load speed. 

If you remember, on one of the curves shown by 
Mr. Kenyon, there were four speed regulation curves 
shown for the one motor. One of these curves rep- 
resented the full field speed at various loads up to 
200%; another its maximum weakened field speed 
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at 320 R.P.M. from zero load to 200% load: and 
the other two curves represented speeds intermit 
tent between these two extremes. ‘These curves 
were plotted from speeds obtained at various loads 
while the motor was on our shop test floor. If we 
remember correctly, all of these speed points were 
on straight lines except on the two top speed curves 
where the speed of the motor dropped slightly as 
its load approached 200%. This is a very good 
performance for adjustable speed D.C. motors and 
these results are obtained somewhat as follows. The 
motor will have a series field which will cause its 
speed to drop as its load increases, \iter the speed 
regulation is obtained on the test floor this com- 
pound motor can be made to operate at virtually 
constant speed throughout its capacity by shunting 
It might be assumed that this is 
articular case 


the series field. 
done at its full field speed and in this 


+ 


| 
the motor would then operate at 160 R. P.M. up 


¢ 


to 
200% of its load. 

The shunt field can then be weakened to cause 
the motor to Operate at some higher speed and as 
load is added it will probably be found that its 
speed will drop, and to cause the machine to again 
operate at a constant speed regardless of load it will 
be necessary to shunt more current from the series 
field. When motors of this type were first built 
several knife switches were placed on the frame so 
that the series field could be shunted and an in 
creasing amount of current will be shunted from 
the series field as the shunt field is weakened. It 
was found, however, that this was not a particularly 
satisfactory method of adjusting the series field in 
practice and later machines were designed to have 
a separate exciter for the series field. It was then 
possible to place a field rheostat on the series ex 
citer operated from the same shaft as the shunt 
field rheostat and adjustment in the series field cur 
rent would then be made automatically as the shunt 
field rheostat was included. This is a very satis 
factory arrangement for a large number of mills 
where fairly close regulation is desired. 

\s outlined by Mr. Shirk, there are other factors 
which may affect the regulation of the motors that 
this equipment does not control and that is a vari 
ance in the temperature of the machines, or voltage 
drop on the commutator as affected by the condi 
tion of the commutator; or the regulation of gener 
ators supplying the motors and voltage drop in the 
bus. 

Regulating equipment can be added which will 
cause the motors to operate at fixed speed regard 
less of these outside conditions and to a certain ex 
tent independent of the inherent regulation of the 
motor itself. This may consist of a regulator as 
described by Mr. Kenyon and depends for its per 
formance on holding a differential from rotating, one 
side of which is driven by a synchronous motor 
getting its power from a master set and the other 
side driven by a synchronous motor which is driven 
by the direct current motor to be regulated. \s 
long as the correct speed is obtained these two syn 
chronous motors will operate at the same speed but 
in opposite directions and the differential will not 
rotate. We know then that the mill motor is mak 
ing revolution for revolution at the speed required 
If this mill motor does not operate at its correct 
speed the differential will start to rotate which wil! 


NEW VSES FOR STBEBL 





192 IRON AND STEEL ENGINEER 


cause the regulator to adjust the field of the D.C. 
motor to be controlled and bring it back to its 
proper speed. 

Regardless of the inherent regulation of direct 
current motor or the type of external regulator on 
the motor used, the instant load is put on the motor 
there will be a slight drop in speed which will be 
recovered in time, depending upon the magnetic 
characteristics of the machine. If the armature has 
a relatively high flywheel effect the momentary drop 
will not be great but appreciable time will be re- 
quired for the motor to recover its speed. On the oth- 
er hand if the flywheel effect is small there will bea 
greater drop in speed but the recovery will be ac- 
complished in a shorter time. The type of regula 
tor as described by Mr. Kenyon will shorten this 
time of recovery over that obtained without an ex- 
ternal regulator. 

The motor controlled will not lose speed in revo- 
lutions but will merely lag back as a synchronous 


motor does while it is carrying load. This might 
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be more clearly explained if we assume two men 
walking side by side. If for some reason pressure 
were placed against the progress one man was mak- 
ing he might momentarily lag by half a step but 
continue to walk at the same speed as the other 
man. When this pressure is relieved it could be 
assumed he would advance this half step and again 
be in parallel with the other man. This is approxi- 
mately what the direct current motor does. 

An external regulator will find its best use on 
mills where the delivery speed of the metal is high. 
The difficulty of avoiding cobbles is greater where 
the operators are required to roll the metal at an ex- 
treme speed. 

\nother feature which should be weighed when 
an external regulator is being given consideration 
is the length of the metal finished. If the product 
finished is reasonably short any error cannot accum 
ulate to a great value, but if the product is rolled 
to any great length an accumulating error may be- 
come serious. 


Structural Changes in Hypo-Eutectoid 
Steels on Heating: 


By SIR H. C. H. CARPENTER, F. R. S., and J. M. ROBERTSON, D. Sc., 
London, England. 


This paper deals with the solution of ferrite on 
heating and the effect of initial temperature on the 
structure obtained on cooling. 

During heating, ferrite is absorbed by the spread 
of austenite from the points originally occupied by 
pearlite. When heating is continuous this results in 
the formation of a carbon gradient, which may affect 
the structures obtained on cooling from  tempera- 
tures within the critical range. The experiments 
show, however, that this gradient has little effect 
on the structure obtained on cooling after 15 min. at 
the initial temperature. 

Krom each point at which the formation of aus- 
tenite begins, an area of austenite spreads outwards 
into the ferrite, and on quenching this area is re 
tained as martensite. This continuous area consists 
however, of many small grains, and during slow 
cooling the formation of ferrite begins at the boun- 
daries of these. Thus, from comparatively large 
areas of austenite small-grained ferrite-pearlite struc- 
tures are obtained. During moderately rapid heating 
the spread of austenite tends to some extent to follow 
the boundaries of the ferrite grains, and Whiteley 
has shown that this tendency becomes more pro- 
nounced as the rate of heating is decreased. 

Just above the upper limit of the critical range 
steel consists of a system of small austenite crystals. 
\s the temperature is raised, some of these begin to 
grow and absorb those around them. As the tem- 
perature is further raised, the number of growing 
crystals and the rate of growth increase. Finally 
all the small crystals are absorbed, and grain-growth 


*Abstract of paper presented before the British Iron and Steel 


Institute, May, 1933. 
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practically stops. For a given steel there are two 
fairly well defined grain-sizes: (1) That formed when 
it is heated just above the critical range, and (2) 
that formed when it is heated to high temperatures. 
\When the steel is in either of these conditions the 
grain-size does not appreciably increase with the 
time of heating. At intermediate temperatures it 
consists of a mixture of large and small grains, and 
the large grains continue to grow with time. 

With a given rate of cooling, more ferrite is form 
ed from small-grained than from large-grained aus- 
tenite. The grain-size influences the amount of fer 
rite, because ferrite begins to form at the grain 
boundaries, whose number decreases as the grain 
size increases. 

All steels containing between 0.2 and 0.6 per cent. 
of carbon behave in much the same way during heat- 
ing, but steels with more or less than this amount 
behave rather differently. In steel containing 0.1 
per cent of carbon, small austenite grains are pro- 
duced by heating just above the critical range, but 
small ferrite crystals are not obtained on cooling. 
In fact, in steel of this composition the size of the 
ferrite crystals is not affected by the initial tempera 
ture but only by the rate of cooling. This is partls 
due to the coalescence of ferrite during cooling. ln 
this same steel, however, the size and distribution 
of the pearlite grains are influenced to a marked ex- 
tent by the initial temperature for each austenite 
grain gives rise to a pearlite grain. Thus, when cooled 
from within the critical range the pearlite occurs 
as groups of small particles, when cooled from just 
above the range the particles are widely distributed, 
and as the initial temperature is raised above this, 
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their size increases in accordance with the size of enough temperature to dissolve ail the ferrite and 
the austenite grains. cementite and produce homogeneous austenite. 


When steels of nearly eutectoid composition are 
heated into or just above the critical range, their 
behaviour is influenced by the fact that the solution 
of the excess ferrite is completed at about the same 
temperature as that of the cementite in the pearlite. 
Over a certain range of temperature, therefore, these 


The formation of the banded structure is affected 
by the initial temperature as well as by the rate of 
cooling. The higher the initial temperature and the 
longer the time of heating the more slowly must the 
steel be cooled in order to obtain bands. 


two constituents act as nuclei for the initiation of Repeated heating to a temperature just above the 
the change on cooling. The structure thus produced critical range does not produce a progressive de 
db ra) 2 ! 2 

consists of a very intimate mixture of ferrite and crease in grain-size. Starting with large grains, one 
pearlite. ‘The typical structure consisting of definite heating just above the critical range produces mark 
grains of pearlite surrounded by envelopes of ferrite ed refinement, but repetition of this treatment pro 
5 ty ! », 

is not obtained until the steel is heated to a high duces only a very small change. 


Arc Welding of Stainless Steels 


By E. A. HURME 
Clark Controller Co., Cleveland, Ohio 


EDITOR'S NOTE:—The use of stainless alloys, in the fabrication of containers for the chemical, oil, dairy 
and other industries demanding materials to withstand excessive heat and corrosion, is imereasing rapidly and 
will increase still faster when fabricators learn that it can be welded successfully, particularly in the thin sheets 
The stainless alloys, because of their extra-ordinary characteristics have presented a complex set of fabrication 
difficulties of which welding has been an important one. 

Vany of the manufacturers, who have been called upon to recommend suitable welding rods for stainless 
alloys, have been hampered by lack of accurate basic information which would enable them to select and specif) 
intelligently the particular type of stainless rod best suited to given requirements 

In compiling the information contained in this write-up, the author has endeavored to cover some of the gen 
eral characteristics of the parent metals as well as points on proper welding technique required 


The increasing use of inaccurately called “stain- \ll of these alloys are very resistant to the at 
less” steels is a matter of common knowledge. There tack of all acids except Sulfuric and Hydrochloric 
is considerable variety in the types of stainless now and to oxidation or sealing at high temperatures. 
being produced, but a survey of these types shows Their various properties, either singly or in com 
that the more popular analyses may be grouped into bination, make possible their use in applications 
some five classes according to Table 1. where no other material can serve neariy as well. 

TABLE | 

Class Chromium Nickel Carbon Manganese Silicon Sulfur Phosphor 

A 17-19 8-10 OF Max. OU Max. OO Max. 03 Max. 03 Max, 

B 22-26 12-14 200" 2.00“ Ca 03 “ ss 

. 12-14 25 Max 10 ai 00 - 50 = O05 03 . 

iD) 16-18 . 36 - * 50 3 SS a. O03 

E 25-30 295 “ ta * ov 50.0“ we .* 03 

Classes A and Bb are known as_ chrome-nickel \llovs of class A (as shown in the table) are 
stainless steels. Classes C, D and E are called probably the most widely used ir the stainless field; 
straight-chrome stainless steels. The stainless steels they are generally called the “18-8” type, the figures 
differ from low carbon steels in that they have: reterring to the chromium and nickel contents, “18-8” 

(1) Much greater resistance to corrosion, is used where maximum resistance to corrosion and 
(2) Much greater resistance against scaling at high permanent beauty of surface are desired as in hotel, 
temperatures. restaurant, dairy, tarm, brewery, cannery and laun 
(3) Considerably greater strength at both low and dry equipments. This alloy is also finding numerous 
high temperatures. architectural applications; it was used, for instance, 
(4) Co-efficient of linear expansion 50% greater for exterior trim on the Empire State and Chryslet 
than that of carbon steel. (This statement ap- Buildings in New York and the La Salle-Wacker 
plies only to the chrome-nickel stainless steels). Building in Chicago. It has also been extensively 
(5) Heat conductivity 1/3 to 1/2 that of low car used for interior trim 
bon steel. Alloys of class B have great resistance to high 
(6) Higher electrical resistance. temperatures plus high strength. They resist tem 
(7) Lower melting point. peratures up to about 2100 degrees F. and are used 
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for furnace and steam engine parts, carbonizing 
boxes and pots, boiler baffles, firebox sheets, etc. 

\lloys of classes C and D are corrosion resistant 
and somewhat responsive to heat treatment. They 
are used where resistance to chemical and atmos- 
pheric corrosion is desired and where surface dis 
coloration 1s not objectionable. Thes will resist 
temperatures up to 1600 degrees F. and find their 
application in nitric acid equipment, steam engine 
parts, pyrometer protection tubes, tanks, chemical 
equipment, ete. 

\lloys of Class E are used where maximum heat 
resistance is desired but where no difficult fabrica 
tion is involved. ‘They resist temperatures up to 
2150 degrees F. 
baffles, carbonizing boxes, ete. 

\ survey of the manifold applications of stainless 
allovs shows that they find extensive use in the food 
industry, the petroleum industry, the automotive in- 
dustry, the chemical industry, high temperature and 
pressure equipment, marine equipment, the archi- 
tectural field, the railway field, the aircraft industry, 
the dyeing industry, the brewing industry and many 
miscellaneous fields too numerous to record here. 

With regard to the selection of alloys for vari- 
ous applications, the user should always be guided 
by the steel mill’s recommendations. The subjects 
of corrosion and heat resistance are complicated and 
involve many factors. The steel mills which market 
the alloys have made numerous tests of the various 
stainless steels and are able definitely to recommend 
the most suitable alloy for any particular application. 

The metallography of the stainless steels is a 
rather complex subject, therefore no attempt will be 
made to discuss it here. Only the notorious “inter- 
granular corrosion” to which 18-8 is sometimes sus- 
ceptible will be briefly explained. 18-8 retains an 
austenitic structure even during slow cooling, but if 
the temperature of the cooling alioy lingers in the 
range of 1500-1000 degrees F. there occurs a pre- 
cipitation of iron and chromium carbides from the 
austenitic solid solution. This precipitation causes 
the “intergranular susceptibility” which generally re- 
duces the intergranular corrosion resistance of the 
metal. If the carbon content is held below 0.07% 
there is not so much carbide and what little there 1s 
has a greater tendency to remain in solution. Cer- 
tain “inhibitors,” such as titanium, if present in the 
alloy, can be made to eliminate harmful carbide 
precipitation. Harmful precipitated carbides are re- 
dissolved by heating to 1650 degrees F. and are 
retained solution by rapid cooling from that tem- 
perature. Thus a carbon content below .07%, the 
presence of an “inhibitor,” or a heat treatment will 
practically eliminate the possibility of intergranular 
corrosion. 

In this connection it should be noted that any 
susceptibility to intergranular corrosion developed 
during the are welding operation will be located 
mostly in the parent metal. This is because the weld 
metal cools too rapidly to permit carbide separation, 
while on the other hand the parent metal, which, of 
course, extracts the heat from the weld, cools rather 


slowly. It will be seen that the weld, unless put 
in service in the range 1500-1000 degrees F. will not 


pc as a result of intergranular susceptibility. 
The steel mills are now marketing the so-called 


“Stabilized” stainless steels. These steels contain an 
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and are used in furnace parts, boiler 


“inhibitor” (generally titanium) and if they are pro 
perly made they are immune from intergranular cor- 
rosion. This “stabilized” parent metal is especially 
suitable for are welding fabrications. However, it 
is evident from the discussion above that “stabilized” 
weld metal is generally unnecessary and will onty 
increase the price of welding without effecting any 
beneficial results. High grade stainless steel weld- 
ing rods with the proper amount of titanium for 
“stabilizing” are available for applications where 
the weld must withstand corrosion either after or 
during exposure to temperatures of 1500-1000 de- 
grees F, 

2. The Welding Operations. 

From the welding standpoint all the stainless 
steels may be divided into two general groups, name- 
lv: (1) those containing chromium and_ nickel in 
various proportions and (2) those containing only 
chromium regardless of the amount. These two 
groups possess in some cases similar welding prop- 
erties and in other cases different welding proper- 
ties, as indicated in Table IT. 


TABLE Il 
Group |—Chrome Nickel Steels 


(a) Welds are soft and ductile whether cooled slow- 
lv or rapidly. 

(b) Non-Magnetic. 

(c) Co-efficient of expansion 50% greater than that 
ot steel. More distortion in welding than with 
steel. 

(d) Silky weld fracture. 

(e) Low heat conductivity (1/3 to 1/2 that of steel). 

(f) High electrical resistance. 

(g) Fusing characteristics excellent in welding. 


Group ||—Straight Chrome Steels 

(a) Weld metal generally air hardening. Weld is 
brittle and will withstand practically no distor- 
tion at room temperature. No heat treatment 
will overcome this brittleness. 

(b) Magnetic. 

(c) Co-efficient of expansion somewhat less than 
that of steel. Not so much distortion in welding. 

(1) Coarse weld fracture. 

(e) Low heat conductivity. 

(f) High electrical resistance. 

(g) Fusing characteristics excellent in welding. 


The chrome-nickel stainless steels (Group 1) 
adapt themselves very well to arc welding, highly 
successful welds having been made on sheets as 
thin as 26 gauge. The welds are soft, machinable, 
and very ductile and can be bent back onto them- 
selves without cracking. The tendency for warpage 
during or after welding is greater in the case of 
steels of this group than in the case of plain low 
carbon steels. For this reason care must be taken 
in design to limit warpage and proper allowances 
should be made to counteract any which will occur. 
The use of jigs for light work is quite necessary. 
Preheating to 300 degrees—400 derrees F. is desir- 
able on certain rigid jobs in order to prevent distor- 
tion during the welding operation. Preheating al- 
lows the weld and the parent metal to cool down 
and contract together. 

Welds made with straight chrome stainless steels 
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(Group Il) are generally hard and brittle and will 
show practically no bend at room temperature. If, 
however, the welds are in service at a temperature 
of 200 degrees F. or more, they will be more ductile 
and at 400 degrees F. or 500 degrees F., they wil! 
stand considerable bending betore fracture. The 
brittleness at room temperatures results partly from 
the rapid grain growth of these alloys when heated 
to a high temperature during the welding process 
and partly from their air hardening characteristics. 

An are welded fabrication of straight chrome 
stainless steel is most suitable in applications where 
the working temperatures are around 400 degrees to 
500 degrees F. and where a minimum amount of 
movement due to expansion and contraction is neces 
Sary, as in locomotive fire boxes. 

Generally speaking, a welding rod of the same 
analysis as the parent metal should be used in ordet 
lo give a homogeneous product. However, if welds 
are to be made on straight chrome steel where no 
provision for contraction is possible it becomes neces 
sary for the weld to possess substantial ductility in 
order to withstand the strain. The proper procedure 
in such cases is to use a chrome nickel stainless rod. 

In actually making the weld, certain precautions 
have been found to be desirable. These apply to the 
metallic are welding of all types of stainless steels. 
In most cases it is best to make the welding rod the 
positive pole (reversed polarity). Excessive puddling 
and retracing should be avoided. The size ot the 
electrode should be as small as possible in view ot 
the thickness of stock. The welding current should 
be only enough to maintain a short stable arc, since 
low currents greatly reduce the likelihood of oxida 
tion loss, excessive grain growth, weld porosity, 
undercutting, carbide precipitation, and related evils. 
Grease, oxide, scale and dirt, unless thoroughly re 
moved before and after the welding operation, wil! 
impair the corrosion resistance of the joint. 

In cleaning, the slag should be first cracked off 
with a chisel or similar sharp tool. The surface of 
the bead and the nearby parent metal should next 
be cleaned by means of a wire brush. [Better re 
sults are obtained if the surface is buffed with a 
motor-driven brush. In cases where extreme cor 
rosive attack is to be encountered the weld area 
should be thoroughly pickled, or “passivated,” or 
both. Recommendations with regard to pickling or 
“passivating” solutions may be obtained from the 
steel makers. 

In instances where a perfect color match between 
a ground and polished weld and the parent metal 1s 
desired, it is best to anneal the complete article after 
welding. The use of thoroughly annealed stock 1s 
often equally effective in the case of the chrome 
nickel stainless alloys. It appears that the color 
match is best when the hardness of the stock is the 


same as that of the weld. 


3. Electrodes for Arc Welding Stainless Steels. 


Electrodes for the metal arc welding of stainless 
steels must have a flux coating. If a bare rod is 
used the resulting weld is almost always of a 
spongy, porous nature and is quite useless, regard 
less of the requirements. The function of the flux 
coating is to stabilize the arc and to protect the 
metal from oxidation or contamination as it passes 
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through the are and solidifies. One of the true 
measures of a stainless electrode is how well the 
coating performs its function. 

the weld metal deposited by a good stainless 
steel electrode should have: 

(1) Complete freedom from porosity and blowholes. 

(2) Mechanical properties approximating those ot 
the parent metal. 

(3) Corrosion resistance equal to that of the parent 
metal. 

(1) Machinability comparable with that of the pat 
ent metal. 

\Vcld metals deposited by high grade rods are 
chemicaliy correct. The chromium and nickel con- 
tents do not decrease materially in passing through 
the arc, while the carbon content remains practically 
constant. Pads of tour or more layers may be very 
successfully built up and the deposits will be free 
from pores and slag inclusions. 

lf the ends of two uy” plates of 18-8 are joined 
by a double-vee butt weld made with high grade 
ls-8 base welding rod, the weld, with all re-entorce 
ment removed, will develop a strength equal to about 
v0% that of the parent metal. On lighter mater.al 
where a sing.e pass weld is sufficient, the weld will 
develop strength of a somewhat higher order. If a 
bead is deposited with this type of rod on 4” par 
ent metal and if the parent metal is bent away from 
the bead, the per cent elongation in the outer fibres 
of the weld metal will exceed 60% in “%” gauge 
length. 

rhe essential requirements of a stainless. steel 
welding rod are that the weld metal must be dense 
and tree from slag inclusions, that the proper chem 
ical Composition must be retained during passage 
through the are and that the rod must operate at 
low currents with a stable arc, little spatter and a 
minimum of undercutting. All of these requirements 
are fully met in high grade stainless steel rods 
Usually strength of the weld is of minor importance, 
since where strength is required standard practice 
dictates the use of substantial re-enforcement. With 
proper welding technique, a good rod and correct 
re-enforcement, the possibility of weld tailure is 
remote. 

Considerable commercial use is now being made 
of a recently developed product known variously as 
“stainless clad,” “bi-clad,” “tri-clad,” “plykrome,” ete. 
This product consists of a fairly thick layer of mild 
steel covered on either one or both sides with a 
thin veneer layer of stainless steel, generally 18-8. 
The advantage of this is that the buyer can have 
the protection afforded by stainless without paying 
the high price he would have to pay if the metal 
were all stainless. 

Are welding plays an integral part in the original 
production of “stainless clad.” <A slab of stainless 
is laid on top of a slab of mild steel and an edge 
weld joining the two pieces is made. This weld 
encircles the entire composite slab and provides an 
air tight joint. The piece made in this way is heated 
to a rolling temperature and is rolled down to the 
various sizes marketed. During the rolling process 
a pressure weld is developed between the contracting 
surfaces of the stainless and mild steel. It is oi 
interest to note that stainless electrodes are used 
in making the edge weld previously referred to 

As would be expected, the fabrication of these 
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“clad” steels is something of a problem. In making 


a butt weld between two clad steels, stainless steel 
side should be welded with a stainless steel rod and 
a good quality mild carbon steel deposited on the 
mild carbon side, unless the plates are thin, in which 
ase full penetration may be secured in the stainless 
weld. ‘The difficulty of making a satisfactory weld 
is in the fact that enough weld metal must be de- 
posited to provide a substantially strong joint and 
the weld must be made in such a way that stainless 
and low carbon steels are not fused together to any 
appreciable extent. If they are fused together, the 
result is that the stainless becomes diluted and con- 
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sequently less resistant to corrosion. Insofar as 
possible, melting must be avoided at or near the 
junction point of the two kinds of metal. 

Tests made indicate that the best results are ob- 
tained when so welded that there will be no actual 
fusion of the two kinds of welds. Penetration of 
each weld being just a little less than the thickness 
of the metal. Joints made this way will have satis- 
factory strength because of the weld re-enforcement. 
A weld of this type is undeniably ticklish, requiring 
careful manipulation and strict current control. 

The order in which the welds are made seems 
to have little effect on the final result. It seems 
best however, to make the low carbon weld first. 


The Future of Industry Under The 
National Recovery Act 


(Continued from page III) 


group and the President’s Administrators of the 
Recovery Act. ‘These agreements can be changed 
and improved upen as may be mutually agreed as 
the plan proceeds. 

Organized labor has a very large influence in 
this new administrative group and if Labor meets 
this new opportunity and its accompanying respon 
sibility in a constructive way, it is bound to have 
every possible consideration. 

It is generally conceded that a larger and better 
distributed buying power is essential to more per- 
manently prosperous conditions; and it can be as- 
sumed that industry and business of every character 
will be willing and anxious to improve working con- 


ditions just as fast as progress can safely be made. 

[It is all too often forgotten that when industry 
invests its capital in land, buildings, machinery and 
equipment, that capital is so definitely and_ per- 
manently invested, that it can only pay wages and 
salaries out of the price received for its products 
and the service it renders its clients. 

Our future price structures must therefore be 
based upon such a proper relation between fixed 
costs, wages, salaries and returns to capital invested, 
that each of these factors will be fully protected and 
conditions created that will not only be fair to all, 
but that will more nearly insure permanent operation 
and profitable employment. 





|TEMS OF 


INTEREST 





PERSONNEL CHANGES 


The Poole Foundry and Machine Company, Balti- 
more, Md., announce the appointment of the McVoy- 
Hausman Company, Brown-Marx Building, Birming- 
ham, as their representatives in the State of Alabama 
for the sale of Poole Flexible Couplings. 

A 

The Delta-Star Electric Company, Chicago, IIL, 
announce the appoint of Harrington & Company as 
their representatives in the New York State territory 
with headquarters at 1796 Main street, Buffalo, N. Y. 

A 

Mr. Frank J. Wood returned from Leningrad, 
U. S. S. R., on the S. S. Bremen June 7%. For the 
past year he was associated with the Freyn Eng1- 
neering Company as Rolling Mill Consultant at their 
Leningrad headquarters. Mr. Wood is a member 
of the Association of Iron and Steel Electrical Engi- 
neers and also of the Engineers’ Society of Western 
Pennsylvania. 
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Mr. R. B. Wilson, sales manager of the St. Louis 
plant of Joseph T. Ryerson & Son, Inc., has been 
made manager of the St. Louis plant of that com- 


pany. 
ASSOCIATION NOTES 

The Pittsburgh District Section of the A. I. & S. 
E. E. will hold a Mid-Summer Golf Tournament and 
“Get-Together,” July 25, 1933, at the St. Clair 
Country Club. D. I. Bohn is genera! chairman and 
he has selected the following committeemen: Messrs. 
A. C. Dyer, B. J. Ballard, A. D. Adams, W. E. 
Miller, T. Simpers, J. Bryan, V. J. Nolan, G. L. 
Stout, C. Ostrum, T. Towle, J. M. Kelly, R. E. 
Brown, W. Wray, J. R. Lewis, J. L. Young, J. J. 
Bangert, G. E. Stimple, R. E. Lewis, E. L. Upp, 
J. W. Bates, J. I. Kaspari, W. B. Shirk and E. S. 
Stickle. To get to the St. Clair Country Club go 
through the Liberty Tubes and continue out West 
Liberty avenue and Washington road to Clifton, 
turning right off Washington road at this point. 
Play starts at 12:30 p. m. 
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STATISTICS OF THE IRON AND STEEL 
INDUSTRY 
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Steel Industry. 


This information 
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and data will be 


especially valuable to manufacturing firms servicing 
the Iron and Steel Industry. 


Each month there will appear in the Iron & Stee! 


Engineer statistics in connection with the Iron and 


Following is data and information in connection 
with Coke Blast Furnaces in the United States: 

















TABLE | 
State tater Plants Stacks Ray wien @ Steves 
\labama r 1] 25 3,375,000 114 
Colorado | l 5 540,000 2() 
Illinois 5 6 25 5,349,000 Gx 
Indiana 3 3 Is 1 968.000 89 
Kentucky l l l 144.000 r 
Maryland | l 6 1.479.600 24 
Massachusetts | ] l 165.000 3 
Michigan 2 2 f 725.000 1G 
Minnesota 2 2 3 147.500 14 
Missouri l l l 125,000 | 
New York Ss ) 21 1,130,500 Ts 
Ohio 19 29 538 11,889,500 234 
Pennsylvania 23 35 93 17,544,250 384 
‘Tennessee { 6 7 315,700 29 
Utah l | l 175.000 { 
Virginia f 5 5 325.000 | 
West Virginia 2 550,000 , 
Totals S4 115 276 52,248,050 1.144 
TABLE 2 
State Operating Plants Boilers* _lotal Turbo Blowing Pig 
Companies Boiler H.P.* Blowers* Engines* Casters 
Alabama r 1] 1s4 90,630 9 rar r 
Colorado | | 29 19,400 | 3 ” 
[linois ) (j 152 69,757 10 13 |» 
Indiana 3 3 57 32,756 S 5 4 
Kentucky | | r 2,700 3 
Maryland 27 24,878 2 16 | 
Massachusetts | | 6 S00 2 
Michigan 2 2 15 1,776 3 5 » 
Minnesota 2 2 S 3,200 l i) ” 
Missouri l l | 2,000 ) 
New York s i) 253 16,579 8 3 10 
Ohio 19 ey 5 Th 218,527 26 LOO 1) 
Pennsylvania 25 BD t4o 350,467 Ss 1] 5 
‘Tennessee | 6 by 9450 19 l 
Utah | | D 3,702 2 | 
Virginia ) 17 11,992 3 10 
West Virginia 25 14,900 2 A 2 
Totals 4 115 1,959 936,509 108 58] 143 
* Number reported. TABLE 3 
Operatin , Plants , 
State Gonmaains Plants Sinter Plants Capacity (Tons) Slag Pits WF 
Alabama ri 1] l 
Colorado l ] i LOO,Q00 
Ilinois 5 ( 3 153,000 5 1,010,000 
Indiana 3 3 3 299,000 ; 1.465.000 
Kentucky 15,000 
Maryland | | 90.000 
Massachusetts l l 
Michigan 2 2 2 30,000 2 180,000 
Minnesota 2 2 5 225.000 
Missouri l l ; 
New York 8 9 } 1,131,000 
Ohio 19 29 16 1,224,350 15 1,439,000 
Pennsylvania 23 35 16 2,789,400 32 2 424 000 
Tennessee 6 I 54,750 
Utah l ] : 
Virginia ) 3 220,000 l 15,000 
West Virginia l l I 72,000 2 260,000 
~ otals 84 115 5] 6.088.500 71 7,108,000 
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i ArmorcLap SWITCHGEAR combines into one 
: factory-built unit, the busbar, oil circuit breaker, dis- 
connects, instrument transformers, cable potheads and sup- 
porting framework. Busbar and connectors are individually insu- 
lated and contained within compound-filled heavy metal enclosures, | 
protecting the operators from casual contact with live parts and protect- 
ing the connected apparatus from damage due to accumulations of dirt on in- 
sulators or from failure due to outside influences such as vermin, moisture and 
accidental contact. Owing to the compact nature of the equipment, integral protec- 
tive interlocks are easily applied to prevent wrong operations. 

Products for the Steel Mill The basic unit comprises two parts, the stationary and movable portions. The ia 
etka tal’ Beieen movable portion consists of the circuit breaker equipment, and on the indoor type is 
General Purpose and Special Motors supported on horizontal frame standards and conveniently racked in and out of the 
Motor Generators stationary portion to open and close disconnects. Units are available in all standard 
Switchboards—Transformers ratings for metal-clad switchgear. 
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REYROLLE SWITCHGEAR 


Steam Turbine Units 
S. E. E.— TWENTY-SIX YEARS OF ENGINEERING SERVICE TO THE IRON & STEEL INDUSTRY 
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Steam Engines—Condensers 
Blast Furnace Gas Engines 
Blowing Engines 
Centrifugal Blowers 
Rotary Compressors 
Texrope V-Belt Drives 
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